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BERYLLIOSIS 
Summary and Survey of All Clinical Types Observed in a Twelve-Year Period 


JOSEPH M. DeNARDI, M.D. 
LORAIN, OHIO 
H. S. VAN ORDSTRAND, M.D. 
GEORGE H. CURTIS, M.D. 
AND 
JOHN ZIELINSKI, M.D. 
CLEVELAND 


N ADDITION to exhibiting unusual chemometallurgic and physical proper- 

ties, and in spite of its toxicologically innocuous position in the periodic table, 
in the last 12 years the metal beryllium has brought to the attention of the medical 
world its puzzling physiologic and pathologic manifestations in man. Medical 
attention and emphasis on beryllium intoxication have been the result of increased 
incidence concomitant with the increased demand and production of this metal so 
important to industry and so vital to our defense program. This subject has stimu- 
lated the attention and cooperation of many medical men and research workers, as 
evidenced by the hundreds of valuable contributions in the medical literature. 
Remarkable results have been accomplished in the control of this industrial problem 
by the cooperation of the various interested scientists during this relatively brief 
period. 

Up to the present the largest number of cases of acute beryllium intoxication 
have occurred in plants engaged in the extraction and processing of beryllium, and 
the largest number of cases of chronic berylliosis have been reported in connection 
with the manufacture of fluorescent lamps. The least number of cases of both 
types have been in workers engaged in the salvage of fluorescent lamps, in sign- 
tube manufacture, in laboratory research, in the manufacture of ceramics contain- 
ing beryllium, in the manufacture of beryllium alloys, and in the working of beryl- 


lium metal. No beryllium cases have been reported in the mining,’? shipping, or 
handling of beryl ore. 


Recognition of occupational hazards involving either the derma and/or the 
respiratory tract came in the early years of the beryllium extraction and processing 
industry. Since 1940 we have observed and treated 468 patients suffering from 


From the Cleveland Clinic and the Frank E..Bunts Educational Institute. 

Senior Instructor, Western Reserve University School of Medicine (Dr. DeNardi) ; Depart- 
ment of Pulmonary Diseases, Cleveland Clinic (Dr. Van*Ordstrand) ; Department of Dermatol- 
ogy, Cleveland Clinic (Dr. Curtis), and Medical Director, Brush Beryllium Company (Dr. 
Zielinski). 

1. Hardy, H. L., and Tabershaw, I. R.: Delayed Chemical Pneumonitis Occurring in 
Workers Exposed to Beryllium Compounds, J. Indust. Hyg. & Toxicol. 28:197 (Sept.) 1946. 

2. Substantiated by communications with South American mining personnel. 
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various types of beryllium intoxication. Table 1 is a summary of the incidence, 
mortality, and causative compound of the acute manifestations encountered among 
workers in plants A, B, and C, with a total employment of 3,027 persons since 
1940 and a present active personnel of 369. Dermal and ocular manifestations were 
evident in 209 persons ; minor and major respiratory tract involvement occurred in 
222 persons. This survey also includes 2 dermal and 35 pulmonary cases of the 
chronic form of the disease. Some of the cases included have been reported in 
previous publications.* 


The data in this survey are presented to bring to the attention of the toxi- 


cologist, the industrial hygienist, and the many other interested clinicians the 
progress in prophylaxis and treatment of and present status of beryllium intoxica- 


TasL_e 1.—Manifestations of Acute Beryllium Intoxication, 1940 to 1953 
Summary of Annual Incidence and Time Lost by Workers, Classified According to Probable 
Causative Compounds (Plants A, B, and C) 


Year 
1940 
1941 
1942 
1943* 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952+ 
and 
1953 


Total 


Pneumonitis Tracheobronchitis Dermatitis 
Mixture Mixture Contact 
of Lost of Lost Hypersensitivity Contact Only 
Soluble Time, Soluble Tine, 
BeFe BeSO, Salts Days BeFe BeSO,. Salts Days BeF2 BeSO. BeFe BeSO, 
3 3 _— 219 3 7 3 81 q 4 1 1 
1 _ 5 162 5 10 9 397 5 5 _ _ 
5 477 5 2 214 5 5 1 
7 0 — 228 9 6 4 578 12 9 a — 
2 232 9 _ 2 208 13 _ 5 — 
14 2 5 644 25 5 7 627 51 9 33 6 
6 1 — 261 5 2 1 95 7 2 5 — 
2 1 93 5 1 1 164 7 2 
No cases reported during this period 
35 8 17 2,402 62 38 29 2,404 109 37 55 8 1 


* 1943—Three fatalities. 


+ 1952-1953—Complete to February, 1953. 


tion as shown in studies and evaluations by us during the last 12 years. This study 
has been made possible by the fact that during this period the major concentration 
of plants (four) and employees (3,400) engaged in beryllium extraction and 
processing has been in this area in Ohio. 

A brief résumé of the basic operations and uses of beryllium will aid in a clearer 
comprehension of the factors involved and the magnitude of the toxicologic prob- 
lems encountered in the occupational diseases associated with this limited but 
rather vitally important chemical industry. 

Elemental beryllium is a light, grayish, brittle, and stable metal. Its atomic 
number is 4; one natural isotope has been established, and three artificial ones have 


3. (a) Van Ordstrand, H. S.; Hughes, C. R.; DeNardi, J. M., and Carmody, M. G.: Beryl- 
lium Poisoning, J. A. M. A. 129:1084 (Dec. 15) 1945. (b) DeNardi, J. M.; Van Ordstrand, H. S., 
and Carmody, M. G.: Acute Dermatitis and Pneumonitis in Beryllium Workers: Review of 
406 Cases in Eight Year Period with Follow-up Recoveries, Ohio M. J. 45:567 (June) 1949. 
(c) DeNardi, J. M.; Van Ordstrand, H. S., and Carmody, M. G.: Chronic Pulmonary Granulo- 
matosis: Report of Ten Cases, Am. J. Med. 7:345 (Sept.) 1949. 
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been developed. It was first identificed by Louis Nicolas Vauquelin in 1797 while 
proving the chemical identity of beryl, emerald, and aquamarine. The industrial 
development of the element has occurred in the last two decades. 


Ores containing beryllium have not been found in large compact bodies. About 
40 classified minerals containing berylium are known, but only one, beryl (beryl- 
lium aluminum silicate), with an average yield of 12.5% of the oxide or 4% of 
the metal, is of industrial significance. The majority of the ore processed in this 
country is imported from Brazil. 

At the present time the beryllium producers are concentrating their production 
efforts on the metal, the oxide, and the alloys. The extraction methods vary, but 
the basic concept is to alter the natural beryllium oxide so that it can be extracted 
from the mineral matrix in pure form. In order to attain this, any one or combi- 
nation of two economically sound basic methods are being used, which entail the 
initial reduction of the ore in furnaces, followed by the use of sulfuric and/or 
fluoric acids to obtain soluble salts. Intermediate operations may utilize alkaline 
materials, such as ammonium hydroxide. The present rapid research being done 
on production methods frequently alters the materials and methods used in the 
various operations so that a standard procedure of today may be altered or dis- 
carded tomorrow. 

Beryllium metal is lighter than aluminum, is extremely penetrable to x-ray, is 
an excellent transmitter of sound, and is an excellent source of neutrons. It is 
mainly used for windows of x-ray tubes and in nuclear physics development. 

Beryllium copper alloy is noted for its unusual resistance to fatigue and impact, 
for its corrosion resistance, for its freedom from elastic drift, and for its high electric 
and thermal conductivity properties. Present use includes specialized machine and 
equipment parts, special springs, and safety tools. 

Beryllium oxide has a melting point of 2570 C., is an excellent insulator at high 
temperatures ,and has an unusual resistance to thermal shock plus a high thermal 
conductivity. Some of the past and current uses of the oxide include the following: 
high temperature crucibles and shapes, phosphors in fluorescent lights and neon 
signs, radiation shields, lining in coreless induction furnaces, cathode heating ele- 
ments in radio tubes, ceramics, and vacuum tube “getters.” 


PROPHYLAXIS 


Any survey of a toxicologic problem, such as that of beryllium, must not forego 
the progress in therapy. Foremost in this category, one must stress the more 
important preventive features in the beryllium processing plants and their sur- 
rounding environments. These hygienic preventive measures are most important 
in view of the lack of effective or specific therapy, especially with reference to the 
chronic pulmonary disease. In consideration of these accepted facts, certain engi- 
neering and medical hygienic standards have been adopted in order to protect 
those who are exposed to beryllium or its compounds. 


Upon recommendations advanced by Eisenbud and associates* and by the 
United States Atomic Energy Commission, the extracting plants have adopted 


4. Eisenbud, M.; Wanta, R. C.; Dustan, C.; Steadman, L. T.; Harris, W. B., and Wolf, 
B. S.: Non-Occupational Berylliosis, J. Indust. Hyg. & Toxicol. 31:282 (Sept.) 1949. 
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engineering devices to control the atmospheric concentration of beryllium, in order 
that the plant working environment will not exceed the daily average permissible 
concentration of 2y per cubic meter, that no transient concentration will exceed 
25y per cubic meter, and that the vicinity of any plant subject to atmospheric 
pollution by beryllium will not exceed a maximum permissible monthly average 
concentration of 0.0ly per cubic meter. Although these figures are tentative and 
arbitrary, they have added effectiveness since their initial application in the reduc: 
tion of the incidence of acute and chronic disease. 

To further maintain a continued high standard of protection for the workers, 
certain medical procedures and basic control methods have been instituted in a 
well-organized medical department.° 

The present and extremely effective integrated medical safety and industrial 
hygiene program adopted in the extraction plants includes rigid preemployment 
screening, with disqualifications based on certain physical abnormalities or history 
of preexisting diseases considered incompatible with the industry. To achieve 
continued and maximum effective prophylaxis, new employees are instructed in a 
rigid standard program of health and safety education. All employees are required 
to have annual examinations, including pulmonary roentgenograms on a semi- 
annual basis. During the last four years this program, mainly under the direction 
and supervision of one of us (J. Z.), has been most effective in the remarkable 
reduction of the incidence of beryllium poisoning and in the total elimination of 
mortality (Table 1), with most of the reported cases having been traced to major 
mechanical breakdowns, personal failures, or experimental procedures. From 
January, 1949, to February, 1953, three extraction plants, employing such a rigid 
program with approximately 800 active and inactive employees, recorded an inci- 
dence of 3 cases of acute pneumonitis, 8 of acute tracheobronchitis, and 19 of acute 
dermatitis, with no incidence reported in the last 12 months of this period. 

Furthermore, these medical and engineering safeguards have aided considerably 
the maintenance of better health, better labor-management relationship, and a 
decrease in labor turnover, with a concomitant decrease in production costs. 


PATHOGENESIS 

Some of the manifestations of beryllium intoxications have been reproduced by 
animal experimentation." Sufficient evidence has been obtained, both clinically and 
experimentally, that beryllium per se and by its bond with other elements and 
radicals is capable of expressing various forms of toxicity in certain environmental 
concentrations and probably in the presence of certain altered physiologic con- 
ditions. The most recent epidemiologic investigations suggest that the beryllium 


5. Tabershaw, I. R.; Dustan, C., and Goldwater, L. J.: Medical Control of Beryllium 
Poisoning, J. Indust. Hyg. & Toxicol. 31:227 (July) 1949. DeNardi, J. M.: Beryllium Intoxi- 
cation, in Current Therapy, edited by H. F. Conn, Philadelphia, W. B. Saunders Company, 1953. 

6. Hall, R. H.; Scott, J. K.; Laskin, S.; Stroud, C. A., and Stockinger, H. E.: Acute 
Toxicity of Inhaled Beryllium: Observations Correlating Toxicity with Physiochemical 
Properties of Beryllium Oxide Dust, Arch. Indust. Hyg. & Occup. Med. 2:25 (July) 1950. 
Dutra, F. R.: Experimental Beryllium Granulomas of the Skin, A. M. A. Arch. Indust. Hyg. 
3:81 (Jan.) 1951. 
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ion is the sensitizing allergen in both the dermal and the pulmonary syndromes.’ 
This aspect is being investigated. 

In the various groups of cases studied in the present survey, the importance of 
the urinary excretion of the element and the beryllium content of the biopsied and 
necropsied tissues has been emphasized. The spectrographic and the fluorometric 


methods, two sensitive biochemical analytic techniques, were employed by two 
in obtaining the recorded tabulated data of this survey. The value 
and significance of beryllium determinations in the urine of persons exposed to 


8 


laboratories 


the element, with or without toxic manifestations, are adequately covered by Dutra 


and co-workers * and Klemperer and associates.'’ Generally the data of this study 


are in agreement with the findings and conclusions of the preceding investigators. 


TaBLe 2.—Summary of Survey of Ten Workers Without History of Beryllium Intoxication, 1953 


Longevity of 
Service in 
Be Industry 
4/22/43-7/31/48 
5 yr. 
4/23/43-9/1/48 
5 yr. 


Exposure to 
Beryllium oxide 


Beryllium oxide 


24-Hour Urine Analysis 
Date of 

Analysis and 

Laboratory 


3/5/52 UR) 


5/52 CK) 


Present Status 
(1) Physical 

(2) Vital Capacity 
(3) Chest-X-Ray 


Normal 


Normal exeept for 
fibrosis of lower 


lungs present prior 
to employment 

5/17/48-1/../50 
6% yr. 


Beryllium oxide Not obtained Normal 


1926—27 yr. All phases of pro- 1/2/52 (A)* 
duction / mainte- 
nance since 1940 
Mainly beryllium 
oxide; in office 
since 1950 

All phases of BeO 
production; fluorie 
processes since 1940 
Plant production 
Maintenance 
Chemist in ana- 
lytical laboratory 
In all phases of 
beryllium extrac- 
tion 


Normal 


3/14/37—16 yr. 2/52 (A)* Normal 


1937-16 yr. Normal 


2/2/40—13 yr. 
5/4/42—11 yr. 
7/1/47—6 yr. 


Normal 
Normal 
Normal 


10/4/49—4 yr. Normal 


* Fluorometric determinations by Laboratory (A) 


Table 2 presents the survey data on 10 persons who underwent varying periods of 
exposure without specific occupational disease but all of whom showed evidence of 
beryllium excretion in varying amounts ; included are two persons who had constant 
exposure to insoluble BeO for five years and who still showed appreciable excre- 
tion despite a six-year removal from contact. 


7. (a) Sterner, J. H., and Eisenbud, M.: Epidemiology of Beryllium Intoxication, A. M. A. 
Arch. Indust. Hyg. 4:123 (Aug.) 1951. 
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10. Klemperer, F. W.; Martin, A. P., and Van Riper, J.: 
A. M. A. Arch. Indust. Hyg. 4:251 (Sept.) 1951. 


Beryllium Excretion in Humans, 


5 
Age, 
Case Sex Yr. 
1 F 0.10 
4 M | 0.20 | 
5 M 59 
6 M 41 
7 M 34 1.80 
8 M 40 0.20 
9 M 39 0.50 
10 M 2% 
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In the course of the present survey, we have been able to secure tissue at the 
autopsies of two patients who had recovered from major acute respiratory beryl- 
lium intoxication, with subsequent death from other causes. To our knowledge no 
tissue analyses in similar cases have been reported in the literature. Brief case 
histories are given along with pulmonary roentgenograms, plus Table 3 tabulating 
the tissue analyses and the beryllium urine determination in Case 2 as taken during 
the survey in 1950. It is evident that the analytic figures of Cases 1 and 2 strongly 
support the fact that the quantity of beryllium in the tissues or the quantity excreted 
in the urine after years of freedom from contact with beryllium is merely indicative 
of previous exposure to the element and is not necessarily indicative of specific 
disease. To further substantiate the preceding statement, a brief history and gen- 
eral findings are given of a third patient who is living and is apparently free of 
any form of beryllium intoxication. Case histories and findings are as follows: 

Case 1 (Table 3).—A man, 50 years old at the time of death, was first employed in a beryllium 
extraction plant on Sept. 22, 1944, as a mixer in the beryllium copper department and as a furnace 


operator’s helper in the beryl furnace department. Exposure was insidious over a period of 64 
days, being mainly to the dusts of beryllium oxide and graphite and to fumes of reduced silicates, 


TABLE 3.—Summary of Analyses of Postmortem Tissues and Urine in Two Patients Who Had 
Recovered from Major Acute Respiratory Beryllium Intoxication 


Liver Heart Spleen Kidney 
; Date of Analysis Lung Be/100 Be/100 Be/100 Be/100 Urine 
Case No. and Laboratory Be/100Gm.,y Gm.,¥7 Gm., Gm., Gm., Be/L.,v 
1/26/51 (K) 182.0 0.94 2.15 
Boctosseens 8/ 9/51 CK) 153.0 12.5 0.36 3.15 
8/15/51 (A) 2.0 0.72 0.17 0.95 


BeSO, and BeFs. An acute chemical pneumonitis developed on Nov. 24, 1944 (Fig. 1.4). Clini- 
cal recovery, as shown roentgenographically, was apparently complete by March 26, 1945 
(Fig. 1, B). 

In September, 1946, the patient noticed a severe anorexia, weight loss, and a productive cough. 
Symptoms became progressively aggravated, and the patient died in a veterans’ hospital on Feb. 
14, 1947. The final diagnosis was generalized carcinomatosis, with many pulmonary metastases. 
The beryllium contents of certain autopsied tissues are reported in Table 3. 

Case 2 (Table 3).—A man, 36 years of age at time of his death in 1951, was first employed 
as a furnace operator in the crystallizing department of a beryllium extraction plant on Jan. 
20, 1942. He was exposed to fumes and mists of soluble salts of beryllium, mainly BeF2, in 
varying atmospheric concentrations. He left the industry in the fall of 1946 and had no further 
exposure to beryllium. 

During his employment in the beryllium extraction industry he had two attacks of acute 
chemical tracheobronchitis due to BeFs during the following periods: March 3 to March 12, 
1943, and Sept. 3 to Sept. 21, 1943. Recovery was complete in both instances. 

The patient was examined for the survey on Aug. 1, 1950, and was found to be in excellent 
physical condition, with vital capacity of 5.6 liter or 120% of calculated normal. Roentgenograms 
taken on July 21, 1950, revealed normal lung findings, except for some mild interstitial fibrosis 
of the right lung. Urine determination from a 24-hour specimen on Aug. 1, 1950, revealed the 
presence of 0.6 Y of beryllium per liter. 

The patient died of acute carbon monoxide asphyxia on June 28, 1951, as verified at autopsy. 
The beryllium contents of the tissues, as reported by two separate laboratories, appear in Table 3. 

~ Case 3 (Table 8A).—A man, 39 years old at present, was employed in a local beryllium 
extraction plant for approximately three years prior to October, 1943. He was exposed mainly 
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to BeFs. In October, 1943, he was hospitalized for four days and was disabled for two weeks 
with an attack of acute chemical bronchitis. He left the industry after his recovery. 


Because this patient had some slightly abnormal pulmonary functions and continued excretion 
of beryllium in the urine to 1951, surgical biopsies of the lung and rib were performed elsewhere 
in April, 1952. Analyses of both specimens were reported to reveal the presence of beryllium 
in appreciable quantities without evidence of granulomatosis histologically. Pulmonary roent- 
genograms taken in June, 1952, showed no evidence of berylliosis. 


The preceding and ensuing data are the results of observations and experi- 
ments with workers exposed to beryllium and with certain pattern diseases due to 
toxicity of beryllium and/or its compounds. Important factors encountered in the 
survey, including the present status of each person and exposure data plus analyses 
of urine and autopsied and biopsied tissues, are tabulated under each main heading. 
Present-day therapy is also recorded, along with a brief description of the main 
causative compounds, subjective symptomatology, and physical and laboratory find- 


ings. 


i 

Fig. 1.—A, pneumonitis involving hilar and central pulmonary areas 25 days following onset 

of illness in a 47-year-old man employed in a beryllium extraction plant (12-9-44). 8B, pneumonitis 

cleared except for slight hilar residue, patient fully recovered (2-10-45). (From Van Ordstrand, 
H. S., and others.*#) 


SKIN AND MUCOUS MEMBRANE MANIFESTATIONS 


Three broad types of berylliosis of the skin and mucous membranes were 
observed: (1) acute dermatitis, with and without mucositis of the eyes and naso- 
pharynx ; (2) beryllium ulcer, and (3) cutaneous granuloma. 

Dermatitis and Mucositis—The dermatitis occurred in the following two 


forms: first, as a primary contact type due to exposure to soluble beryllium salts 


in sufficient concentration to act as primary irritants and, secondly, as an allergic 


eczematous contact type due to hypersensitization produced by the salts. Mucositis 
of the eyes and nasopharynx was present in about one-half of the patients who had 


the dermatitis. Conjunctivitis and mucositis of the nasopharynx may precede or 


7 
d 
4 4 4 
; 
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accompany acute tracheobronchitis, but they usually precede acute pneumonitis by 
several weeks. 

The dermatitis was usually confined to the exposed parts of the body (face, 
neck, forearms, and hands) in the primary contact type. The skin lesions usually 
consisted of numerous small superficial first- to second-degree burns which healed 
in about 7 to 14 days. Some of the lesions developed into beryllium ulcers. Severer 
dermatitis was manifested by areas of moist dermatitis especially on the hands and 
forearms. 

In the allergic eczematous dermatitis, the dermatitis often affected the genito- 
crural region and the lower extremities in addition to the exposed surfaces. In 
some patients it became generalized, varying from maculae and patches of erythema 
to edema and vesiculation. Papules and vesiculopapules were diffusely distributed 
over the affected parts. Pruritus and burning sensations were prominent symptoms. 

The conjunctivitis varied from a few small red maculae to diffusion, but ulcer- 
ation was not observed. Similar lesions were observed on the nasal mucosa. 

Acrid nasal sensations, accompanied by sneezing, rhinorrhea, lacrimation, pru- 
ritus, and burning sensations, were symptoms of the mucositis. No scleral or 
corneal lesions were observed. 

Up to the year 1947, due to the rapid turnover of a migratory group of 
employees, there developed in approximately 25% of the new workers exposed to the 
fumes, mists, and dusts of the soluble salts of beryllium dermatitis of varied 
intensity. The subsequent hygienic engineering plant improvements, in addition 
to a well-organized and rigid medical screening of new employees and intensive 
training of the individual employee in hazard prevention, has reduced the incidence 
to less than 2%. 

Up to the present, 209 patients suffering from acute dermal berylliosis have 
been observed by us over a period of 12 years without any resulting fatalities or 
local residuum. The dermal manifestations were, with a few exceptions, caused by 
contact with the soluble forms of beryllium, principally the fluoride and the sulfate. 
One hundred sixty-four cases were ascribed to the fluorides, while the remainder 
(45 cases) were due to the sulfates. Undoubtedly some patients had contact with 
both compounds. Sixty-three of the 209 cases were attributed to exposure to the 
soluble salts of beryllium in sufficient concentration to act as a primary irritant 
and produce an immediate contact dermatitis. In 146 patients the eczematous type 
of dermatitis, often a severe manifestation, developed as the result of acquired 
sensitization attributed to longer exposure to smaller concentrations of beryllium 
salts. The dermatitis appeared on an average of 7 to 14 days after initial exposure. 

There were five patients included in the dermatitis series in whom major respi- 
ratory syndromes occurred. Patient 10, Table 7A, of the chronic berylliosis group, 
had acute dermatitis due to BeFs, and Patients 1, 2, 5, and 19, Table 5, of the 
recovered pneumonitis series, also had acute dermatitis during their employment 
in the beryllium industry. 

Prior to 1951 it was thought but not demonstrated that the eczematous form 
of the dermatitis was of the allergic eczematous contact type. Of 13 patients studied 
by one of us, *® 4 patients had had the dermatitis at one time during the past six 
years, and 9 patients had the dermatitis during the period of observation. Cutaneous 
allergy was demonstrated by the patch-test technique with high dilutions of beryl- 
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lium compounds. In a series of 16 controls who had never been exposed to beryl- 
lium and/or its compounds, cutaneous hypersensitivity was produced in 8 (50%). 
Cutaneous hypersensitivity may be demonstrated with 1 or 2% solutions of the 
soluble beryllium salts by the patch-test techniques. Beryllium acetylacetonate 
(alcohol soluble) has been the only compound found to be a primary irritant at 
these low concentrations. 

The response to treatment varied, the fluoride compound cases being the most 
refractory, but recovery usually was complete in 7 to 14 days after the patient had 
been removed from exposure. Present therapy consists of immediate transference 
of the patient from the offending agent, the use of antihistaminics, and the local 
application of mild, soothing, antipruritic, and antihistaminic ointments. The con- 
comitant conjunctival involvement usually requires the use of soothing antibiotic 
ophthalmic ointments and the wearing of dark glasses. 

Beryllium Ulcer —Beryllium ulcer is usually an acute localized manifestation 
due to implantation of the crystals of the soluble salts of beryllium in a preexisting 
skin break. It is often a concomitant manifestation with contact dermatitis, and 
the pathologic findings are those of an acute inflammatory reaction in the dermis. 
Untreated lesions may persist for months. Treatment consists of curettage of the 
ulcer and removal of the offending beryllium salt inclusions. Healing is by second 
intention and is usually complete in 7 to 14 days. 

Chronic Beryllium Granuloma.—Chronic beryllium granuloma is a subcutaneous 
lesion which is usually the result of implantation of beryllium phosphor (zinc beryl- 
lium silicate) in a skin laceration or puncture produced by a broken fluorescent 
tube. The lesions are always localized or self-limited and usually appear one to four 
months after implantation of the phosphor ; they are characterized by the formation 
of a subcutaneous nodule in which central necrosis and subsequent surface drainage 
may eventually develop. The treatment is thorough cleansing and débridement of 
fresh wounds and adequate wide surgical excision of the existing granulomas. 

Two patients who had cutaneous granulomas have been observed and treated 
by us; the case of one patient was previously reported in 1950."! | The microscopic 
pathologic change in both instances is identical with the pulmonary granulomas 
described in chronic pulmonary berylliosis. Beryllium was found in the involved 
tissues. Figure 2 is a photomicrograph of a typical sarcoid-like granulomatous 
lesion produced by skin implantation of beryllium phosphor. 


ACUTE RESPIRATORY MANIFESTATIONS 


Acute Tracheobronchitis—Acute tracheobronchitis, as studied in this series of 
cases, invariably was caused by the inhalation of vapors, dusts, and mists of BeFo, 


ammonium BeF,, and BeSO,. The onset is either rapid or insidious, depending 
upon the magnitude and duration of the exposure. Symptomatically it is character- 
ized by productive spasmodic cough, substernal discomfort and burning, tightness 


of the chest, and moderate exertional dyspnea. The objective physical findings 
reveal normal body temperature, decreased vital capacity with varying degree of 
11. Van Ordstrand, H. S.; Netherton, E. W.; DeNardi, J. M., and Carmody, M. G.: Beryl- 


lium Skin Granulomas from a Broken Fluorescent Tube: Report of Case, Cleveland Clin. Quart. 


17:34 (Jan.) 1950. 
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dyspnea, injection of the nasopharynx, limitation of chest expansion, and the pres- 
ence of sibilant rales in the hilar and basilar areas of the lungs; clinical laboratory 
findings are within normal limits. The pulmonary roentgenograms may show 
increase of bronchovascular markings. 

The therapy is not specific and consists of removing the patient from exposure, 
bed rest, cough sedatives, antihistaminics to relieve bronchiolar spasm, and anti- 
biotics to prevent and control secondary invaders. Recovery is usually complete 
in one to four weeks. 

Up to the present time, 129 patients suffering from acute tracheobronchitis 
have been observed and treated over a 12-year period. Sixty-two instances were 
due to BeFs, 38 to BeSO,, and 29 to inhalation of a mixture of the soluble salts. 
Clinical and roentgenographic recovery was complete in the case of all patients. 


> 


= 


Fig. 2.—Photomicrograph showing typical sarcoid-like granulomatous lesion produced by 
subcutaneous implantation of beryllium phosphor. (From Van Ordstrand, H. S.: Current Con- 
cepts of Beryllium Poisoning, Ann. Int. Med. 35:1203 [Dec.] 1951.) 


Of this entire group, 34 persons were available for the survey study, with one 
nonoccupational death reported in Table 3. Contact could not be made with the 
majority of the remaining group members, as this disease occurred largely in 
migratory workers during the war years. Table 4 is a summary of the survey 
data of 20 of the recovered patients who had had acute tracheobronchitis ; 8 persons 
have been engaged in the same industry since recovering from their attacks of acute 
tracheobronchitis. In one patient (Table 7A, Case 12) who had two exposures to 
the disease in 1945, chronic berylliosis developed in 1947. There is also the sug- 
gestive history of acute tracheobronchitis in two other persons with chronic beryl- 
liosis (Table 7A, Cases 8 and 11), but no confirming medical record was established 
by either patient. 

The data in Table 4 reveal the excretion of beryllium in the urine of all the 
recovered patients. The group members still exposed in the processing plants 
generally show a greater excretion of the element, while in the remaining persons 
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there is suggestive general decrease of the beryllium excreted in relation to the last 


date of exposure. 


Acute Pulmonary Berylliosis—Briefly, acute pulmonary berylliosis is caused 


by inhalation of vapors, mists, and dusts of 


3e 


ds, 


combinations of the 


TaBLE 4.—Summary of Survey of Twenty Cases of Recovery After Acute (Beryllium) 
Tracheobronchitis For 


Longevity of 
Service in 
Be Industry 


1926-—27 yr 


Dates of 
Occupational 
Disease 


9/20/43- 9/30/43 


Over Twelve 


24-Hour Urine 


Date of 
Analysis and 
Laboratory 


1/48 (K) 


Years 


» Analysis 


Be/L 


0.80 
1.84 


1936 


1937 


194 


1941 


1941 


1945 


1947 


l7 yr 


16 yr 
13 yr 
12 yr 
l2 yr 
Syr 


oyr 


2/52 (A)* 

48 (K) 
1/51 CK) 
2/52 (A)* 


2/50 (A)* 


4 

11/15/51 (K) 
1 


O90 
0.60 
2.50 
0.60 


0.60 


3.55 
10.60 
4.40 
0.72 
0.20 
$.20 
L.70 


O.18 


Present Status 
(1) Physical 
(2) Vital Capacity 


(3) Chest X-Ray 


Normal; still working 
in beryllium production 


Normal; still working 
in beryllium production 


Normal; still working 

in beryllium production 
Normal; still working 

in beryllium production 
Normal; still working 

in beryllium production 
Normal; still 
in beryllium 
Normal; still 
in beryllium 


working 
production 

working 
production 


1940-1944 
4 yr 
In 1942-19438 
9 mo. 
In 1943 
43 days 
In 1943 
4 yr. 
In 1943 
5 mo 
In 1944 
2 mo, 


In 1944 
mo 
In 1945 
6 mo. 


In 1945 
4 mo 
In 1946 
2 mo 
In 1947 
16 days 


In 1947-1448 
mo 


* Fluorometric method of analysis 


17/45 

15 46 

47-3 
and 
5/47- 414.47 


7/20/47- 7/28/47 


20/47 


FSS SR ER 


0.20 
0.70 
0.20 
0.50 
3.20 
0.40 


0.43 
0.20 


4 nil 


0.04 
0.25 
0.60 
0.14 
0.20 
0.05 
0.20 
1.32 
3.00 


0.20 


Normal; 


still working 


in beryllium production 
Normal 


Normal 
Normal 
Normal 
Normal 
Normal 
nil 
nil Normal 


Normal 


Normal 
Normal 


Normal 


Normal] 


soluble salts, and BeO of high specific area prepared at relatively low calcining 
temperatures. 


Two types have been encountered, namely, the fulminating and the insidious, 


depending upon the magnitude and duration of exposure. The symptoms of ful- 


minating pneumonitis usually occurred approximately 72 hours after brief but 
massive exposures, while the insidious form manifested symptoms several weeks 
after prolonged exposure to smaller concentrations in the working environments. 


2 M 49 = a 1/25/44- 2/ 9/44 
3 M 40 6/30/43- 7/ 7/43 7 
9/ 9/46- 9/16/46 
4 M 37 7/10/46- 7/16/46 10/30/51 
4/ 9/47- 4/20/47 1/ 2/52 
5 M 3 12/17 46-12 26 46 11/15/51 
1/ 2/52 
6 M 34 || 3/20/47- 3/31/47 11/15/51 () 
1/2/59 
7 M #2 6/13/45- 7/ 9/45 11/15/51 
1/ 9/59 
8 M 46 5/26/47- 6) 9/47 10/30/51 | 
> 52 
10/16/51 )* 
10 M 6/16 43- 6 30/438 11/15/51 ) 
10,14 51 (A 
11 M 3/13 438- 3/24/43 7/12/51 (A)* 
12 M () 11, 43-11, 22/43 11/15/51 CK) 
10/11/51 (A)* 
13 F $1 % 29/43-10) 6/43 7/13/51 (A)* 0.65 
2/52 (A)* 0.20 
M 49 1 15/44- 3/20/44 6/17/48 (K) 
7/21/50 (A)* 0.35 
11/15/51 OK) 0.01 
1/ 2/52 (A)* 0.20 
15 M 44 129 44-4 5 44 6/21/48 CK) 
7/12/51 (A)* 
16 M 39 6 20 45- 717/45 7/25/50 (A)* 
11/15/51 CK) 
10/14/51 (A)* 
17 M 61 li 11/15/51 (K) 
10/ 5/51 (A)* 
18 M 9 3 2 11/15/51 (K) 
1 2/52 (A)* 
19 M 52 2/2 7/12/51 (A)* 
3/2 
1/ 2/52 (A)* 0.20 


12 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Symptomatically, the disease is characterized by progressive, rarely productive, 
spasmodic cough, progressive dyspnea with tightness of the chest and substernal 
pain or discomfort, anorexia with ensuing weight loss, general malaise, and weak- 
ness. The objective findings reveal varying degrees of decreased vital capacity, 
with severe dyspnea, rapid pulse and acrocyanosis, hyperemia of the nasopharynx, 


TABLE 5.—Summary of Survey of Twenty Cases of Acute (Beryllium) 
Pneumonitis For Twelve Years 


24-Hour Urine Analysis 
— 


Present Status 
Longevity of Dates of Date of (1) Physical 
Age, Service in Occupational Analysis and (2) Vital Capacity 
Case Sex Yr. Be Industry Disease Laboratory Be/L., y (3) Chest X-Ray 
1 M 47 1940—13 yr. 1/13/48- 2/ 2/48 11/15/51 (K) 7.40 Nermal; still working 
1/ 2/52 (A)* 4.50 in industry 
2 M 60 1941—12 yr. 4/ 4/41- 4/29/41 4/ 1/48 (K) 1.20 Normal; still working 
1/ 2/52 (A)* 1.10 in industry 
3 M 31 1946—6% yr. 10/20/46-11/27/46 4/ 1/48 (K) 0.40 Normal; still working 
10/30/51 (K) 0.26 in industry 
1/ 2/52 (A)* 0.40 
4 M 38 1947—5 yr. 2/24/47- 4/29/47 4/ 1/48 (K) 0.30 Normal; still working 
9/ 8/48 (K) 0.30 in industry 
5 M 31 1947—6 yr. 12/25/47- 1/19/48 11/15/51 (K) 0.70 Normal; still working 
1/ 2/52 (A)* 0.20 in industry 
6 F 28 1943-1947 4/ 5/47- 5/12/47 11/15/51 (K) 0.28 Normal 
4 yr. 10/26/51 (A)* 0.20 
7 F WO 1943 8/ 7/43-12/ 6/43 8/ 2/48 (K) Nil Normal 
2 mo. 10/ 8/51 (A)* 0.20 
s M 55 1944 5/25/44- 9/21/44 6/29/49 CK) 0.04 nil Pulmonary fibrosis 
3 mo. 1/ 2/52 (A)* 0.20 with decreased vital 
eapacity to 60% of 
normal 
9 M 58 In 1944 1/16/45- 4/ 2/45 No specimen vr Normal 
6 mo. 
10 M 58 In 1945 6/ 6/45- 7/ 5/45 7/12/51 (A)* 0.20 Normal 
3 mo. 
11 M 29 In 1945 7/13/45- 9/ 4/45 11/15/51 (K) 0.20 Normal 
3 mo. 1/ 2/52 (A)* 0.22 
12 M 28 In 1946-1947 11/25/46- 3/31/47 9/23/49 (K) 0.04 Normal 
3 mo. 
13 M 69 In 1946-1947 1/11/47- 1/28/47 7/14/48 CK) 0.04 Normal 
4mo. 4/ 1/47- 4/12/47 
14 M 47 In 1947 3/ 8/47- 3/24/47 7/18/50 (A)* 0.40 Normal 
2 mo. 1/15, 0.03 
1 0.20 
15 F 39 In 1947 5/14/47- 6/30/47 7 0.55 Normal 
5 mo. / 0.034 
11/12/51 (A)* 0.20 
16 M 30 In 1947 7/ 3/47- 8/27/47 11/15/51 CK) 0.01 Normal 
3 mo. 10/26/51 (A)* 0.20 
17 M 46 In 1947 9/13/47-10/ 8/47 7/21/51 (A)* 0.60 Normal 
3 mo. 
18 M 40 In 1947 11/ 5/47-12/22/47 7/12/51 CK) 0.065 Normal 
2 mo. 1/ 2/52 (A)* 0.40 
19 M 31 In 1947 10/29/47-12/ 9/47 8/13/48 (K) 0.04 Normal 
23 days 11/ 1/51 (A)* 1.40 
20 F 47 In 1947-1948 1/ 6/48- 1/13/48 10/16/51 (A)* 2.30 Normal 
2 mo. 


* Fluorometric method of analysis. 


no increase in body temperature, and limited chest expansion, with variegated pul- 
monary rales principally in the lower lobes and hilar areas. Clinical laboratory 
findings are within normal limits, except for the frequent findings of relative hyper- 
globulinemia. 

Pulmonary roentgenograms become positive one to three weeks after the onset 
of symptoms and vary with the stage and intensity of the disability. Findings in 
chronologic sequences are as follows: diffuse bilateral haziness usually of the lower 
lung fields, followed by irregular soft parenchymal infiltration (Fig. 1 [Table 3, 
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Case 1]) and finally discrete or conglomerate nodules. Therapy is not specific 
and consists of hospitalization with complete rest, use of oxygen to relieve res- 
piratory distress, antibiotics as prophylaxis against secondary infection, antihis- 
taminics to alleviate bronchiolar spasm, digitalization in evidence of cardiac 
decompensation, and the recent use of cortisone and corticotropin with some pre- 
liminary gratifying results. 

Acute pulmonary berylliosis has been the severest manifestation of acute beryl- 
lium poisoning which has been observed and treated in 93 patients as a result of 
exposure in local extraction and processing plants, with 10 deaths during the last 
12 years or a mortality of 10.7%. Of this group, 35 cases were due to BeFo, 8 to 
BeSQO,, 17 to mixtures of the soluble salts, and 33 to BeO. Clinical recovery and 
roentgenographic clearing were complete in the cases of all but one of the living 


TABLE 6.—Summary of Tissue Analyses of Five Autopsied Cases of Chronic Berylliosis 


Broncho- 
pulmo- 
nary Spleen 
Dates of Lymph and Other 
Type and Onset of Date of Lung, Liver, Nodes, Bone, ‘Tissue, 
Duration Disease to Analysis and Be/100 =Be/100—s Be/100—s Be/100—s Be /100 
of Exposure Laboratories Gm.,y Gm.,y Gm.,y Gm.,y Gm.,¥7 
Neighborhood; .. /44- 12/19/47 (K) Nil 
lived 2 blocks 5/46 8/11/48 (S) 04 
from plant, 
1940 to 1945 
Neighborhood; i/.. /46- 3/23/48 (K) 1.48 3.5 Spleen Kidney 
lived 4% mi. from 2/17/48 6/ 3/48 (R) 0.05 “nee 0.17 0.07 
plant in 1941 
Neighborhood; 3/../48 9/25/48 (K) Nil or 0.665 Spleen 
lived % mi. g 0.008 nil or 
from plant, 0.2 
1941 to 1947 
Neighborhood; 5/../47- 2/20/48 (K) - - 
lived % mi. 24/49 3/ 6/50 (A) Rib 7.7 
from plant, 9/../49 CK) i - 0. Rib nil 
1942 to 1949 9/../49 CR) Ni Rib nil 
Household; 2/../43- 49 (K) 
husband's 27 2/20/49 (K) 
clothing, 3/ 6/50 (A) 5. Spleen 0.7 
Dec., 1942 and 3/ 9/50 CR) 3.3 Spleen 0.08 — 
Jan., 1943 


patients who is reported on in Table 5 as Case 8. No incidence of chronic berylliosis 
was detected in any of the patients studied in the survey. In 10 fatalities from 
acute berylliosis, the average day of death was the 25th day of the illness. The 
longest duration of illness from onset to recovery was 120 days. 

Survey data have been obtained on 40 of the recovered and living patients who 
had acute pneumonitis, and the results of the survey of 20 persons are listed in 
Table 5. Five of this group have continued working with beryllium and generally 
show a larger urinary excretion of the element than the remaining number. Again, 
as in the case of acute tracheobronchitis, the data in Table 5 reveal the presence of 
the element in the urine of the remaining group members; this roughly is in pro- 
portion to the number of years since the last exposure. 

Autopsy and tissue analyses were obtained in 7 of 10 deaths in this group, and 
the tissue content of beryllium was considerably higher than that shown in the 
necropsy analyses of the chronic cases (Table 6). Photomicrographs of lung pathol- 
ogy in acute berylliosis are shown in Figure 3. 


Nil or 
0.002 


Nil 


Age at 
Death, Urine, 
Case Sex Yr. Be/L., ¥ 
1 F 38 ease 
2 F 26 acdc 
3 F 7 ease 
4 F 53 | 
5 F 26 | 


infiltration of large mononuclear cells and 


patient died on 21st day of illness. (From Van Ordstrand, 


B, histopathology of higher magnification, with evidence of less acute pathology in a patient who died on 35th day of illness. 
Med. 35:1203 [Dec.| 1951.) 
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CHRONIC BERYLLIOSIS 


As defined by Machle,'* chronic pulmonary granulomatosis or berylliosis is a 
generalized disease characterized by pulmonary insufficiency and having the major 
pathologic changes in the lungs, the most characteristic lesion of which is the 
granuloma. The outstanding feature of all cases of chronic berylliosis is a delay 
in onset from a few months to several years after initial exposure. The longest 
latency period in our experience has been 11 years. The pathologic aspects of the 
acute pneumonitis and chronic pulmonary granulomatosis have been adequately 
covered in several publications and especially by Hazard,’* Chesner,'* and Dutra.’* 
Photomicrographs illustrate the lung (Fig. 4) and liver (Fig. 5) pathology typical 
of chronic berylliosis. 

Symptomatically the disease is characterized by insidious onset, with a non- 
productive, spasmodic, paroxysmal, persistent cough, chills, and fever; there are 
anorexia, with asthenia and definite loss of weight, and progressive exertional 
dyspnea, with substernal pressure and bizarre thoracic pains. The objective find- 
ings consist of the following: varying exertional dyspnea, increased pulse rate, 
decreased vital capacity, “watch-glass” fingernails or clubbing of the fingers, acro- 
cyanosis, decreased thoracic expansion, and presence of crackling rales throughout 
both lung fields in the advancing stages‘of the disease. Routine and special labo- 
ratory procedures have failed to reveal any specific common abnormal findings. 
Serial cardiopulmonary roentgenograms reveal a transition from a generalized 
“ground glass” or granulation of the parenchyma in the early stages of the disease 
to the late phases of nodulations, emphysematous changes, and cor pulmonale. Chest 
roentgenograms for Case 14 (Table 7A) are shown before the patient’s employ- 
ment and one year after the onset of berylliosis (Fig. 6). 

The treatment consists of restriction of physical activity below that permitted 
by the vital capacity and the use of antihistaminics to relieve bronchiolar spasm, 
oxygen for respiratory distress, antibiotics to control any acute respiratory infec- 
tion, digitalis for cardiac decompensation, and cortisone and corticotropin in the 
aggravated state of the disease and in patients showing symptomatic and objective 
progression. The use of the two latter products in treatment of chronic beryllium 
poisoning was reported in detail at a symposium at the Massachusetts General 
Hospital in December, 1950."* 


12. Machle, W.; Beyer, E., and Gregorius, F.: Berylliosis: Acute Pneumonitis and Pul- 
monary Granulomatosis of Beryllium Workers, Occup. Med. 5:671 (June) 1948. 

13. Hazard, J. B.: Pathology of the Acute Disease, in Symposium on Current Knowledge 
of Disease Encountered in the Handling of Beryllium and Its Compounds: Clinical, Pathologic, 
Experimental and Engineering Data, United States Atomic Energy Commission, Beryllium 
Advisory Committee, The Division of Biology and Medicine, Cambridge, Mass., Massachusetts 
Institute of Technology, Jan. 18, 1950. 

14. Chesner, C.: Chronic Pulmonary Granulomatosis in Residents of a Community Near a 
Beryllium Plant: Three Autopsied Cases, Ann. Int. Med. 32:1028 (June) 1950. 

15. Dutra, F. R.: The Pneumonitis and Granulomatosis Peculiar to Beryllium Workers, 
Am. J. Path. 24:1137 (Nov.) 1948. 

16. DeNardi, J. M.: Chronic Pulmonary Interstitial Granulomatosis: Preliminary Report 
on Two Patients Treated with ACTH, Symposium on the Treatment of Chronic Beryllium 
Poisoning with ACTH and Cortisone, A. M. A. Arch. Indust. Hyg. 3:543 (June) 1951. Van 
Ordstrand, H. S.; DeNardi, J. M., and Schneider, R. W.: Chronic Beryllium Poisoning (Chronic 
Pulmonary Granulomatosis): Preliminary Reports on Four Cases Treated with ACTH, Cleve- 
land Clin. Quart. 18:48 (Jan.) 1951. 
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lung; lymphocytes and plasma cells were frequent in interstitial tissue of alveolar walls. B, 
discrete tubercle formation in lymph nodes, with widening of the sinuses; no tubercle bacilli 
were found. (From DeNardi, J. M., and others.*¢) 


Fig. 5.—Photomicrograph of the liver in chronic berylliosis, showing granulomatous involve- 
ment. (From DeNardi, J. M., and others.%¢) 


Fig. 4—A, focal accumulations of histiocytes of foreign-body and Langhans type cells in 


DeNARDI ET AL—BERYLLIOSIS 17 


In our experience, the chronic type of pulmonary disease first manifested itself 
in a resident in the immediate vicinity of one of the beryllium extraction plants 
in January, 1944. To date a total of 35 persons with rather typical clinical and 
pulmonary roentgenographic patterns of the chronic disease have been observed 
and treated. All gave histories of occupational or nonoccupational exposure to 
beryllium or its compounds in varying degrees of atmospheric concentration. The 
nonoccupational cases numbered 12, with 6 deaths; 8 patients in this group were 
exposed to atmospheric pollution within a radius of less than three-quarters of a 
mile from the beryllium extraction plant, while 4+ gave definite histories of exposure 
to the household concentration produced by soiled work clothing of beryllium 
workers. 


Fig. 6.—A, normal chest roentgenogram at time of employment in November, 1946, of a 
woman, 27 years of age, who was exposed in the industry for 160 hours without any abnormal 
manifestations. B, roentgenogram taken in August, 1952, of patient one year after onset of 
symptoms, revealing the fine generalized parenchymal nodulation so characteristic of chronic 
pulmonary berylliosis. 


Of the cases resulting from occupational exposure in the various plants extract- 
ing or utilizing beryllium or its compounds, eight, with one resultant death, occurred 
in three plants engaged in beryllium extraction from the ore, in production of 
the beryllium alloys, and in beryllium research. The total employment of the three 
plants in question included 3,027 persons for the period from 1940 to 1953. The 
remaining cases, numbering 16, were from other areas of the country and in plants 
with occupational exposures to BeO and ZnBeSiQOsg. 

The present status of this group is that approximately 50% are static or show- 
ing some improvement, that 15% are showing progressive regression, and that at 


this time the mortality is approximately 35%. Of the eight deaths in this category, 


five autopsies were obtained, and the beryllium analyses of the tissues are reported, 


RS ¥ 
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plus the beryllium findings of the 24-hour urine analyses in two cases (Table 6). 
Disregarding the inconsistency and disparity in the tissue findings of the various 
laboratories, it accentuates the fact that beryllium was present in the tissues in all 


TABLE 7.—Summary of Survey of Fourteen Living Persons with Chronic Berylliosis 


Case; 
Sex; 


Present 


Age, 
Yr. 


Type of Exposure 


Date of 
Dates of Onset of 
Exposure Disease 


24-Hour Urine Sample 
— 


Date of 
Analysis and 
Laboratory 


A.—With Exposure Directly or Indirectly 


Nonoccupational; 
laundered broth- 
ers’ clothing 


Nonoccupational 


Nonoccupational 
(same dwelling 
as Case 2) 


Nonoccupational 


Nonoccupational 


Nonoccupational 


Nonoccupational 


Occupational; 
Be-extraction 
plant 


Occupational 


Occupational 


Occupational 


Occupational 


Occupational; 
Be-extraction 
plant 


Occupational; 
Be-extraction 
plant 


Brothers 
worked at 
plant in 1941 
and 1942 
Lived 1 block 
from plant, 
1940-1948 


Lived 1 block 
from plant, 
Feb., 1948 

to 1952 

Lived 100 ft. 
from plant 
11/.. /40- 
4/../45 

Lived 1 block 
from plant 
1942-1947 


Exposed to 
clothing of 
father, a plant 
employee, 
1940-1952 

Lived % mi. 
south of 
plant—1923 
6/1/41- 

7/3/41 


12/../41; and 
1/../42 


6/14/44- 
7/13/44 


11/../43- 
3/../44 


4/30/45- 
5/30/45 
7/9/45- 
7/19/45 
3/../43- 
1/../44 


10/.. /46- 
12/../46 


1944 


2/. 


4/ 


4/../ 


10/.. 


11/. 


./49 


/../48 


{47 


/47 


-/51 


8/ 7/50 (A)* 
11/15/51 (K) 
1/ 2/52 (A)* 


4/ 1/48 (K) 
8/ 8/50 (A)* 


10/ 1/50 (A)* 


1/ 2/52 (A)* 


4/ 1/48 (K) 
8/ 8/50 (A)* 
11/15/51 (K) 
1/ 2/52 (A)* 


6/30/52 (K) 


4/ 1/48 (K) 
11/15/51 (K) 
1/ 2/52 (A)* 


Not obtained 


11/15/51 (K) 
7/12/51 (A)* 
1/ 2/52 (A)* 


12/26/50 (A)* 
11/15/51 (K) 
1/ 2/52 (A)* 


6/21/48 (K) 
7/12/51 (A)* 
11/15/51 (K) 
1/ 2/52 (A)* 
Not obtained 


9/18/52 (K) 


Be/L., ¥ 


to Be-Extraction Processes 


3.70 


Date of 


Analysis and 
Laboratory 


8/10/50 (K) 


8/10/50 (K) 


8/10/50 (K) 


10/23/50 (K) 


8/11/50 (K) 


8/10/50 (K) 


Not obtained 


11/ 9/50 (K) 


/51 (K) 


1/10/51 (K) 


Gm., Y 


Nil 


Nil 


Nil 


0.01 


Nil 


Blood Analyses 
— 
Be/100 Present Status 


and Therapy t 


Slight improve- 
ment; sympto- 
matie conser- 
vative therapy 
Improving; 
symptomatic 
conservative 
therapy 
Condition 
stationary; 
no therapy 


Improving; 
symptomatic 
conservative 
therapy 
Improving; 
symptomatic 
conservative 
therapy 
Improving; 
special 
therapy 


Improved in 
last 12 mo.; 

no therapy 
Slight improve- 
ment; sympto- 
matic eonser- 
vative therapy 


Some improve- 
ment; sympto- 
matie conser- 
vative therapy 
Improving but 
totally dis- 
abled; corti- 
sone therapy 
Improving; par- 
tial disability; 
symptomatic 
conservative 
therapy 

Some improve- 
ment; total dis- 
ability; corti- 
sone therapy 
Minimal disabil- 
ity; stationary; 
working; no 
therapy 
Moderate dis- 
ability; sta- 
tionary; corti- 
sone therapy 
started 


five instances. The absence of beryllium in the single 24-hour specimen of urine 
in the two cases may or may not be of significance as to possible tissue fixation 


of the element, temporary retention, or degree of sensitivity of the analytic method 
utilized. 


} 
. 
1 | 0.70 
F 0.22 
41 0.20 
2 = Nil = 
F 0.35 
28 
M 
45 
42 
5 Fall, 0.13 Nil 
F 1946 0.35 
34 0.06 
0.20 
62 
x 12/../44 0.14 
M 0.58 
33 1.50 | 
32 
Late 0.09 Nil 
M | | 1947 073 
36 1.40 
—_ 12/../47 0.65 1/ Nil 
0.06 
44 0.42 
M 1.00 
54 0.01 
0.20 
/ 
45 
a or nil 
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Table 7A is the survey record of 14 living persons, representing various types 
of exposure and present status. Every recorded urinalysis reveals the presence of 
beryllium; especially is this consistent by the fluorometric method of analysis 


TABLE 7.—Summary of Survey of Fourteen Living Persons with Chronic Berylliosis—Continued 


Age, 
Case Sex Yr. 


Type of 
Exposure 


Dates of 


Exposure 


Date of 
Onset 


Results of Lung Biopsy, 


Patch Tests, 
Kveim Test 


Present Status and Therapy t 


B.—Summary of Survey of Sixteen Living Persons with Chronic Berylliosis with Exposure to 


15 M 33 
16 F 34 
17 F 23 
18 F 37 
19 F 29 
20 M 39 
21 M 38 
22 F 57 
23 M 41 
24 M 16 
25 M 37 
26 F 
27 M 49 
28 F 53 
29 M 39 
30 M 40 


BeO and ZnBeSiOz in Miscellaneous Industries 


Occupational 
(research 
laboratory) 


Occupational 
(fluorescent 
tube manu- 
facture) 


Occupational 
(fluorescent 
tube manu- 
facture) 


Occupational 
(fluorescent 
tube manu- 
facture) 


Occupational 
(fluorescent 
tube manu- 
facture) 


Occupational 
(ceramics) 
Occupational 
(research 
ceramic 
engineer) 


Occupational 
(fluorescent 
tube manu- 
facture) 


Occupational 
(phosphor for 
fluorescent 
tubes) 


Nonoceupa- 
tional 


Occupational 
(fluorescent 
tube manu- 
facture) 


Nonoccupa- 
tional 


Occupational 
(ceramics) 


Occupational 
(fluorescent 
tube manu- 
facture) 
Occupational 
(radio tube) 


Occupational 
(research 
grinding) 


2 weeks 
in 1945 
3/../42- 
3/../44 


1945-1946 


1937-1940 


1/../46 
6/../47 
1/../44- 
7/../45 


1940-1949 


Work 
clothing 
exposure, 
1945-1949 


1942-1945 


Work 
clothing 
exposure, 
1945-1949 


1945-1947 


1946-1949 


1943-1945 


3 8- 


/../4 
1951 


12/../49 
12/../30 
6/../47 
3/../52 
9/../4% 
1/../51 
2/../49 
8/../50 
8/../ 
7/../49 
1944 
6/../48 
‘ 51 
7 49 
8/../45 
10/../51 


Pos. 


Pos. 


Pos. 


Pos. 


Pos. 


Pos. 


Pos 


Pos. 
Pos. 
Pos. 


Pos. 


Pos. 


* Fluorometric method used by Laboratory (A) in 1951 and 1952. 
+ Survey data to February, 1953. 


utilized at present by one of the laboratories. Table 7B is the survey 
living patients with chronic pulmonary berylliosis, with exposure to 


ZnBeSiQOz in miscellaneous industries. 


patch tests 


patch tests 


lung biopsy 
patch tests 


patch tests 


patch tests 


lung biopsy 
patch tests 
lung biopsy 
patch tests 


patch tests 


s. lung blopsy 
. patch tests 
. Kveim test 


lung biopsy 


lung biopsy 


. lung biopsy 
3. patch tests 


patch test 


s. lung biopsy 
s. patch tests 


Minimal symptoms but slight 
recent progression; no therapy 


Marked improvement from pre- 
vious marked disability with 
cortisone therapy 


Marked improvement on cor- 
ticotropin from previous total 
disability 


Minimal symptoms and minimal 
pulmonary function change; no 
therapy at present 


Improving with cortisone 
therapy 


Stationary. with minimal disa- 
bility; no therapy; working 
Disabled, with minimal improve- 
ment on cortisone 


Improving with cortisone 
therapy 


Stationary; minimal] disability; 
no therapy; working 


Stationary; moderately dis- 
abling lesion; no therapy at 
present; previously on cortisone 


No disability at last report 
two years ago 


Stationary; lesion with moder- 
ate disability; previous cortisone 
therapy 


Minimal disability; working; 
no therapy 


Marked improvement from severe 
disability with cortisone therapy 


Spontaneous improvement when 
last seen in Nov., 1950 


Moderate disability; stationary 
at present; working; no therapy 


record of 16 
BeO and 


6/../42- 
Po 
Po 
Ne 
Pos 
Pos. 


Case 


0 INDUSTRIAL HYGIENE 


AND 


OCCUPATIONAL 


MEDICINE 


PATCH TEST AS A DIAGNOSTIC AID IN CHRONIC PULMONARY BERYLLIOSIS 


During the years preceding the demonstration of cutaneous hypersensitvity to 
beryllium compounds, the following criteria had been established for the diagnosis 
of chronic (graulomatous) pulmonary berylliosis: (1) history of occupational and 


TABLE 8.—Data on Patients Used as Controls and on Patients with Pulmonary Berylliosis 
Clinical 
Course 
History and/or 
of Ex- (Symp- Pulmonary Roentgenologic Biopsy Lung Bein Lung Patch 
posure toms’) Function Findings Findings Tissue Tests Diagnosis 
A.—Cases of Five Patients Used as Controls 
No + Decreased Granulomatosis Chronic intersti- None -- Chronic interstitial 
tial pneumonitis present pneumonitis 
Yes a Normal Emphysema No granuloma- Measurable — Diagnosis in 1946, 
(Subjective tosis Be bronchitis; diag- 
symptoms nosis in 1951, 
only) emphysema 
Yes + Normal Emphysema No granuloma- Measurable — Emphysema 
(Subjective tosis 
symptoms 
only) 
No None Normal Granulomatosis Not done Not done — Lupus erythematosus 
pneumoconiosis 
No None Normal Granulomatosis Not done Not done Sarcoidosis 
B.—Twelve Patients With Chronic Pulmonary Berylliosis 
Yes > Decreased Granulomatosis Granulomatosis Measurable oo Chronie berylliosis 
Yes Decreased Granulomatosis Granulomatosis Measurable + Chronie berylliosis 
Yes + Decreased Granulomatosis Granulomatosis Measurable — Chronie berylliosis 
(favored sarcoid) 
Yes oF Decreased Granulomatosis Granulomatosis Measurable Chronie berylliosis 
Yes Decreased Granulomatosis Granulomatosis or <O0.08y, + Chronie berylliosis 
within exp. 
error 
Yes Improved Slight Granulomatosis Not done Not done os Chronie berylliosis 
decrease 
Yes + Decreased Granulomatosis Not done Not done Chronie berylliosis 
Yes a Decreased Granulomatosis Not done Not done a Chronie berylliosis 
Yes ~ Decreased Granulomatosis Not done Not done a Chronic berylliosis 
Yes aa Decreased Granulomatosis Not done Not done + Chronic berylliosis 
Yes - Decreased Granulomatosis Not done Not done = Chronie berylliosis 
Yes a Definitely Granulomatosis Not done Not done oe Chronie berylliosis 
decreased 
C.—Data on Two Patients Who Had Had Acute Pulmonary Berylliosis 
Yes Recovered Initially Acute pneumo- Not done Not done + Acute pneumonitis 
decreased nitis 
Yes Recovered Initially Acute pneumo- Not done Not done —- Acute pneumonitis 
decreased nitis 


nonoccupational exposure to dusts and fumes of beryllium compounds; (2) clinical 
course of the pulmonary syndrome, including studies of pulmonary function; (3) 
roentgenographic evidence of granulomatosis, and (4) lung biopsy and analysis 


for beryllium. 


This study included 19 patients ; they represented 5 used as controls (Table 8A), 
12 in whom a diagnosis of chronic pulmonary berylliosis was made (Table 8B), and 
2 who had had acute pulmonary berylliosis (Table 8C). The controls were selected 


oF 

1 
9 
4 
5 
6 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
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because (1) they presented problems in diagnosis based on the difficulty of cor- 
relating the four criteria and because (2) they could serve as controls for the 
reliability of the patch test as a diagnostic aid. In Control 1 the clinical symptoms, 
pulmonary function studies, and roentgenologic findings closely simulated those 
of chronic berylliosis. In Controls 2 and 3, the history and subjective symptoms of 
the patients and beryllium in the lung tissue of Control 3 suggested chronic beryl- 
liosis. Controls 4 and 5 were selected because of the roentgenologic findings. 
Control 5 had other decisive evidence of sarcoidosis, including biopsy of a lymph 
node and a positive Kveim test. 

In the 12 patients (Table 8B) with chronic pulmonary berylliosis, the following 
points are noteworthy. In all there were histories of exposure to beryllium com- 
pounds; generally the course of the clinical syndrome and pulmonary function 
studies was a fairly typical progression, but in three patients (8, 10, and 11) the 
criteria were not readily correlated. Although the roentgenologic findings were 
interpreted as those of the granulomatosis of chronic berylliosis, the picture per se 
could not be distinguished from granulomatous changes due to other causes. In 
Patient 8 the pathologist '* stated that the microscopic pathology resembled sar- 
coidosis more than berylliosis. As strongly substantiated by the two cases reported 
in Table 3 and also Case 10 (Table 8B), there is no specific relationship between 
quantitative pulmonary estimations of beryllium and granulomatosis. Thus the 
criteria had to be carefully evaluated in the individual patient. 

In Table 8A and B show a remarkable consistency in the results of patch tests 
in both groups. The negative patch-test reactions in Controls 2 and 3 are explained 
by the fact that eczematous hypersensitivity of the skin did not develop. In Control 
2 there was exposure and a former diagnosis of beryllium bronchitis. Thus, in this 
patient in the presence of normal pulmonary function, roentgenologic evidence 


of only emphysema, the absence of a history of eczematous dermatitis due to 


beryllium, and the negative patch-test reaction, the diagnosis of chronic pul- 


monary berylliosis could not be made. The persistent subjective symptoms were 
better correlated with the emphysema. The problem of Control 3 previously sum- 
marized under the heading, “Pathogenesis,” was more difficult. Because of some 
slightly abnormal pulmonary function and continued excretion of beryllium in the 
urine to 1951, surgical biopsies of the lung and rib were performed elsewhere in 
April, 1952. Analyses of both specimens were reported to reveal the presence of 
beryllium in appreciable quantities without evidence of granulomatosis histologically. 
Therefore, from the roentgenologic evidence of only emphysema and the negative 
patch-test reactions, it was concluded that the patient’s persistent symptoms were 
due to emphysema. In Controls 1, 4, and 5 only the roentgenologic findings 
simulated beryllium granulomatosis, and the negative patch-test reactions were 
expected. 


17. Dr. John B. Hazard, Department of Pathology, Cleveland Clniic. 
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In one of the patients who had had acute pneumonitis, positive reactions were 
obtained (Table 8C, Case 18) ; in the other patient they were negative (Table 8C, 
Case 19). Since neither of these two patients had experienced skin eruptions 
attributed to beryllium, an explanation of the positive patch test of Patient 18 may 
be that the beryllium allergen reached the epiderm from within. However, neither 
a positive nor a negative patch-test reaction on the skin will indicate the allergic 
status of the mucous membranes. 


It has been well established that the mucous membranes and the epiderm may 
develop eczematous hypersensitivity independently. Hazard ** has shown that the 
alveolar walls are the primarily affected tissue in acute pneumonitis. It is believed 
that the alveolar wall reaction is due to eczematous hypersensitivity, as is also the 
case in conjunctivitis, nasopharyngitis, and bronchitis, although unfortunately up 
to the present it has been impossible to obtain volunteers having had these condi- 
tions to permit patch testing of their mucous membranes. 


Three consistently positive criteria appeared in each of the 12 patients who had 
chronic pulmonary berylliosis: the history of exposure, roentgenologic granulo- 
matosis, and a positive patch-test reaction with beryllium salts. Pulmonary function 
was borderline in Patient 11, and his symptoms were improved. Lung biopsy and 
beryllium estimation were not consistently compatible, as shown in Patients 8 and 
10. All of these patients denied skin rashes, and in the medical records available 
there was no mention of skin rashes or beryllium granulomas. The positive patch- 
test reactions indicated allergic eczematous hypersensitivity of the skin. It is 
probable that the epidermal sensitization was obtained from beryllium antigen (Be- 
protein complex) within the body. This has been amply proved in the case of 
eczematous hypersensitivity produced by parenteral administration of arsphenamine 
and other simple chemicals.'* Beryllium is probably deposited in the greatest 
quantity in the reticuloendothelial tissue of the lungs from which Be ions are 
released to form a Be-protein complex. This process is probably slow and may be 
continuous or periodic. In some persons the Be-protein complex becomes anti- 
genic, thus producing antibodies. There is recent evidence that eczematous hyper- 
sensitivity in animals may be produced by transportation of antibodies to the skin 
by reticuloendothelial cells (round cell leucocytes).'* Baer and Sulzberger,’ 
although failing to passively transfer eczematous hypersensitivity by means of leuco- 
cytes in man, postulated that the transportation of antibodies to the skin by 
leucocytes may create conditions rendering it possible for active eczematous hyper- 
sensitivity to develop more readily. Thus it would appear that hypersensitivity 
involving the mesoderm and epiderm (and endoderm?) is more likely to develop 
in chronic pulmonary berylliosis. This hypothesis is being investigated. 


18. (a) Sulzberger, M. B.: Dermatologic Allergy, Springfield, Ill., Charles C Thomas, Pub- 
lisher, 1940. (b) Landsteiner, K., and Chase, M. W.: Experiments on Transfer of Cutaneous 
Sensitivity to Simple Compounds, Proc. Soc. Exper. Biol. & Med. 49:688 (April) 1942. 

19. (a) Landsteiner and Chase.18> (b) Baer, R. L., and Sulzberger, M. B.: Attempts at 


Passive Transfer of Allergic Eczematous Sensitivity in Man, J. Invest. Dermat. 18:53 (Jan.) 
1952. 
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In Patient 8 of Table 8B the pathologist '* stated that there was more evidence 
for sarcoidosis than for beryllium granuloma in the histologic picture of the lung. 
In Patient 10 the amount of beryllium in the lung was within the experimental 
error. These two findings have cast some doubt on the complete diagnostic efficiency 
of lung biopsy. Because of this and the striking consistency of the other criteria, 
including a fifth (the patch test), it is suggested that the positive patch test on the 
skin when correlated with the other criteria renders the lung biopsy of doubtful 
necessity in the clinical evaluation of the patient. For these reasons lung biopsies 
were not performed in Patients 11 to 16. A possible condition can be foreseen in 
which the value of the positive patch-test reaction for the diagnosis of chronic 
pulmonary berylliosis may be neutralized; all four criteria are present with a 
negative patch test. As yet, such an occurrence has not been observed. 


SUMMARY 


During the period from 1940 to 1953, we observed and treated a total of 431 
patients with various manifestations of acute beryllium intoxication. There were 
10 fatalities in the pneumonitis group. 

In recent years the incidence of cutaneous berylliosis among workers in the 
beryllium industry has been reduced from 25 to 2% and the respiratory syndromes 
almost to zero by engineering and medical hygienic preventive measures. 

The eczematous type of dermatitis is caused by allergic sensitivity to beryllium 
compounds. 

Studies by one of us (G. H. C.) from beryllium patch tests on patients with 
both acute and chronic berylliosis, on controls, and in similar pathologic conditions 
suggest the following: (a) the entity to be one of hypersensitization and (b) the 
patch test to be an extremely important tool in differential diagnosis. 

Clinical and laboratory data were obtained on more than 75 patients who 
recovered from tracheobronchitis and pneumonitis, and detailed tabulation is 
presented in 20 cases of each group. 


From 1944 to 1953, 37 patients suffering from the chronic dermal and pulmonary 


forms of beryllium intoxication were observed and treated, with eight resultant 
deaths. Exposure factors, urinalyses and lung biopsies, analyses for beryllium, and 
other pertinent data are recorded for this group, plus tissue analyses for the element 
in five autopsied cases. 

Significant data are presented of beryllium findings in the necropsied tissue of 
two patients who recovered from major acute respiratory manifestations but who 
died later from other causes years after removal from exposure. 

The presence of beryllium in body tissue and in urine is indicative of past or 
recent exposure to beryllium. The amount detected by present analytic methods 
does not bear any relationship to the diagnosis of berylliosis per se or to the 
severity of the disease, if present. 

Bervllium remains in body tissues and is excreted for a period of many years 
after the patient has been removed from exposure, without evidence of beryllium 


poisoning. 
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In this survey there is some evidence of proportional decrease of excretion of 
beryllium with an increase of time from the last exposure. 

No persons included in the survey of patients recovering from acute pneumonitis 
have developed the chronic or delayed form of berylliosis. 

Of the eight instances of chronic berylliosis of occupational origin, one patient 
had a medically established diagnosis of acute tracheobronchitis, while four others 
gave histories suggestive of acute tracheobronchitis during brief occupational 
exposures to beryllium. 

The integrated medical, safety, and industrial hygiene program has been largely 
responsible for the phenomenal decrease in incidence of beryllium poisoning and 
in the total elimination of deaths in the local extraction plants. Therapy is mainly 
symptomatic and conservative, with recent evidence of therapeutic encouragement 
from the use of corticotropin and cortisone in both the chronic and the acute mani- 


festations. 


INDUSTRIAL HYGIENE IN LATIN AMERICA 


JOHN J. BLOOMFIELD, B.S. in Eng. 
WASHINGTON, D. C. 


iy IS MUCH easier today to present a paper on developments in industrial 
hygiene in Latin America than it would have been five years ago. At that time 
| should have had to scratch around for details to round it out, whereas today there 
are plenty of facts to make exposition easy. These past five years have been a boom 
period for our work in the Latin American part of the hemisphere. 

Industrial hygiene was off to a start much earlier. A number of Latin Amer- 
ican countries have been trying to industrialize their economy for some years now, 


and they have been looking to us for help in establishing this branch of public 
health, which takes its name from industry. Physicians, particularly, have taken 


an interest in industrial hygiene with the growth of industries in their countries, 
and numbers of them have come to the United States to study and to see industrial 
hygiene in practice. 1 might name, as an example, Dr. Alberto Hurtado, of Peru, 
a world authority on high-altitude medicine, who has been in the United States a 
great deal and has watched the development of our industrial hygiene services. 
Dr. Hurtado was Director General of Public Health in 1940, when the Department 
of Industrial Hygiene was established in the Peruvian Ministry of Public Health. 
Other Latin American countries created Departments of Industrial Hygiene in the 
1930’s and 1940's. 

Until recently these departments were pretty much desk-bound because of the 
lack of the rank and file of trained industrial hygienists and of equipment for 
field and laboratory work. Industrial hygiene was not being taught in the uni- 
versities, so student physicians and engineers had little opportunity to choose it 
for a career. 

The spurt in industrial hygiene activities that began some five years back is a 
story connected with our foreign policy. Latin American countries have been 
drawing on our experience and have had the loan of industrial hygienists from this 
country. There is a West Virginian in sky-high Bolivia, a Texan in Chile, a man 
from North Carolina in Colombia, New Hampshire men in Peru, and a Californian 
in Brazil. 

Assistance in industrial hygiene is given through The Institute of Inter-Amer- 
ican Affairs, an agency of our Federal government, as part of the cooperative 
public health programs conducted with Ministries of Health in Latin American 
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countries. The Institute comes under Point Four, but this is only by adoption, 
because its technical assistance programs started in 1942; in fact, these pro- 
grams have provided much of the philosophy and the methods of operation for 
that famous point. I am reminded of a forgetful Swiss lady in Lima, who was 
forever asking what the other points in the Point Four program were. We would 
explain that the technical assistance program was called Point Four, because it was 
the fourth item in a series of objectives outlined by Mr. Truman in his inaugural 
speech in 1949. The next time we met, she would ask again about the other points 
in the Point Four program. 

It is not my function here to discuss the diplomatic side of technical assistance, 
but I might stress what you all know, that the United States has a big stake in 
the health and economic development of this hemisphere and that the cooperative 
health programs are one means of defending that stake. One of the accomplish- 
ments under these programs has been the creation of a string of health centers 
up the Amazon River, and through these centers the services of preventive medicine 
are being offered for the first time to isolated jungle communities. 

Since 1945 this cooperative health work has included industrial hygiene. In 
that year, Bolivia asked the Institute for aid in setting up an industrial health pro- 
gram. Later, the Institute borrowed me several times from the United States 
Public Health Service for separate assignments in Bolivia, Peru, Chile, and Brazil 
to assist in studying their industrial health problems and in organizing pro- 
grams. Now I am a permanent sort of loan and serve as consultant to all countries 
where the Institute is helping to develop programs. Perhaps if I mention that early 
in January I went to Venezuela to start a basic survey of industrial health problems, 
which I interrupted in February to go to Brazil, and that from Brazil I had to 
return to my headquarters in Peru and then make a quick trip to Uruguay before 
returning to Venezuela to complete the survey, and that at the present time I am 
missing this meeting because I am on an exploratory visit in El Salvador, you will 
appreciate how interest in industrial hygiene is flourishing below the border and 
down past the equator. 

The economic benefits of industrial hygiene are of great appeal, because the 
costs of indemnification are high in Latin America, compared with the numbers 
of industrial workers. The population of Latin America runs about 5,000,000 ahead 
of that of the United States, using round numbers from the 1950 censuses which 
place the United States population at roughly 150,000,000 and the population of 
Latin America at 155,000,000. Our total of gainfully employed persons is 64,000,000, 
while that for Latin America is 52,000,000. Latin America has, then, 5,000,000 
more persons among the whole number of people but 12,000,000 fewer workers. 

This difference reflects the fact that our population is an older one, with a 


larger proportion of persons working and a smaller proportion depending on the 
labor of others. 


In general, life expectancy is much lower in Latin America than in the United 
States. I cannot offer you gross figures that would mean anything, for the rates 
vary from country to country and also between social groups. High infant mortality 
is probably the main factor in keeping the life expectancy rate down. 
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Preventable diseases are leading causes of sickness and death. Tuberculosis is 
at the top. In some slum areas, including workers’ districts, this disease maintains 
itself in epidemic proportions, and, as you well know, it picks off the young adults. 
Water-borne diseases are also serious threats, and quite understandably so, since 
only a relatively small percentage of the populations in Latin America are protected 
by water purification and sanitary sewage disposal. Thousands live without any 
means at all for disposing of sewage, and these thousands include most of the 
workers. Housing in mining areas and in other industrial areas is likely to be 
primitive. Poor diets make for malnutrition. Illiteracy helps to maintain unhealthful 
conditions. 

In most of these countries about half of the population is under 20 years of 
age. If one uses the age of 20 to divide the dependents from the producers, it is 
obvious that each producer has at least one dependent. In the United States, on the 
contrary, each producer has only one-half of a dependent. In other words, the 
shortened life expectancy and the high dependency make for a low productive poten- 
tial. Still more important, however, is the fact that the dependent who dies before 
his 20th year represents a human wastage of the most costly type, since he never 
becomes a producer. 

Another point in respect to the gainfully employed that enters into our discussion 
is the great proportion dedicated to agriculture in the Latin American countries. 
Only about 11.7% of the gainfully employed in our country are engaged in agri- 
culture. In Peru, 62.4% of the country’s workers are employed in agriculture. 
They work the big irrigated fields of the cotton and sugar haciendas on the coast, 
they work small farms on the steep sides of the Andes and in the lovely mountain 
valleys, or they till the great chilly plains at the top where only the hardiest crops, 
like barley, potatoes, and quinoa, can grow. In big sprawling Brazil, about 67.4% 
of the 17,000,000 workers are employed in agriculture. Bolivia has 81.8% of her 
workers engaged in agriculture. 

Though these agricultural workers make up such a large proportion of the 
gainfully employed, they do not contribute in equal measure to the national wealth. 
Theirs is an individual manual labor which in many areas provides little more than 
family subsistence. 

The paradoxical element in this picture of populations is that Latin American 
countries are paying out vast sums of money in the indemnification of workers for 
disability encountered on the job. Though the industrial working force is small, its 
accidents and illnesses are costing a great deal of money. Data I have gathered in 
my detailed studies of some Latin American countries indicate that sums spent for 
indemnification may be as high as 12 to 15% of the national incomes and 30 to 50% 
of the national budgets. 

It can be put this way—social legislation in Latin American countries has out- 
run their public health work. The legislation, though well conceived, is more costly 
than it should be for lack of the complementary preventive health work that keeps 
people well and on the job. These countries have had long years of experience 
with legislation for compulsory sickness insurance, old age and death benefits, 


workmen’s compensation for accidents and occupational diseases, and similar pro- 
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visions which cover the workers. The emphasis, however, has been on paying the 
workers for losing their health rather than on keeping them in health and on the job. 

Employees are exposed to many preventable hazards on the job. Such diseases 
as silicosis, metal poisoning, and toxic conditions resulting from exposure to gases, 
vapors, and fumes are common. Industrial hygiene practices aimed at controlling ) 
these hazards are practically unheard of. The industrial hygiene situation may 


be likened, without contradiction, to the conditions existing in the United States at 
the beginning of the present century, but with the difference that industrial hygiene 
was unheard of at that time in the United States. All the exciting struggles through 
which industrial hygiene would be created were still to come. 

Latin American governments are getting in on a well-developed movement in 
the United States and can draw on a vast body of experience in the control of occu- 
pational diseases and the improvement of health in industry. They frankly acknowl- 
edge their need for technicians in this field and are turning to us for that kind of 
assistance. This is the kind of role that fits the United States well—sharing its 
technicians with other nations. Through this role we demonstrate our belief that 
science and technology should be used for the benefit of mankind. 

In the development of industrial hygiene programs in Latin America, we follow 
closely the principles upon which the United States Public Health Service has 
based its work with the states. The Public Health Service has aimed at the estab- 
lishment within a state health department of a nucleus of trained personnel, with 
essential field and laboratory equipment. These state units are responsible for 
providing services to local industries and for aiding large companies in developing 
their own industrial hygiene programs. 

If there is a good public health program in a community, the development of 
an industrial hygiene program is that much easier. In many of the regions where 
we are operating in Latin America, however, there are no community health pro- 
grams, and we have found it more practicable, therefore, to develop centralized 
industrial hygiene programs under the direction of experienced United States per- 
sonnel. I can best explain by telling you what we have done in Peru and several 
other countries. 

Peru.—The Peruvian Department of Industrial Hygiene was established in 1940 
in the Ministry of Public Health, but for several years it lacked a trained staff with 
equipment to do the job. In 1947, the Minister of Public Health requested a survey 
of industrial health problems, which I made and on which I submitted my report, 
plus recommendations for a program. In March of that same year, the Peruvian 
government passed Law 10833, which made a preventive program of industrial 
hygiene mandatory and laid a tax on industrial payrolls to support it. The govern- 
ment put up all the money for operations, asking only for technicians. Ours was 
the job of administering the funds and running the Department of Industrial 
Hygiene, and we are still at it. 


We had to start from scratch and to train a staff. Bernard Tebbens, who was 
then in Bolivia, was assigned to Peru and began the training of Cesar Macher, our 
first engineer. Dr. Cesar Carlin, a young Peruvian physician working on the coop- 
erative health program, was given a fellowship by The Institute for Inter-American 
Affairs to go to the states to study industrial medicine, first at Harvard and then 
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at the laboratory at Saranac Lake. Mr. A. S. Landry, who was sent by the Institute 
as a consultant chemist, established an industrial hygiene laboratory in the Depart- 
ment and began the training of three graduate chemists from San Marcos University. 
Marion Trice came from the Tennessee Department of Health to replace Bernard 
Tebbens as consultant engineer in 1948, and he continued the training of engineers. 
A house at 324 Manuel Gomez Street, Lima, was renovated for the Department, and 
we are still in it, though we expect to have a new building one of these days. 

In April, 1949, our first survey team, headed by Mr. Trice, went to Cerro de 
Pasco, a mining town located at an altitude of 14,000 ft. in the Andes, to make its 
first study. The Cerro de Pasco Corporation had agreed to be the guinea pig and 
had made facilities available where the men could live and could set up a clinic and 
a laboratory. 

That was four years ago. Today the Peruvian Department of Industrial Hygiene 
has a staff of approximately 50 persons, of whom about half are professionals. 
They have all been trained on the job, and four of the physicians and two of the 
engineers have completed postgraduate work in the United States. One chemist 
is just finishing his year’s training at the industrial hygiene laboratory of the 
United States Public Health Service in Cincinnati. Other members of the staff are 
polishing up their English against the time when they will be enrolling in one of 
our schools of public health or will be trying to catch onto operations in one of our 
industrial hygiene departments. 

The director of the Peruvian Department of Industrial Hygiene is Fred Vin- 
tinner, of New Hampshire, who has_ been assigned by The Institute of Inter- 
American Affairs. His assistant is a Peruvian physician, Dr. Ramon Vallenas, who 
has studied industrial medicine in the United States. 

The staff of the Department up to the present time has made medical and 
engineering studies in about 80 industries, which include copper mines, gold mines, 
coal mines, the largest and highest vanadium mine in the world, and also smelters 
and concentrators. More than 6,300 workers have been examined on these surveys. 


A total of 3,200 medical examinations have also been made of workers claiming 
compensation for disability from occupational disease. The Department makes 
these examinations for the labor courts which are adjudicating claims. This service 
is a means of introducing a real medical evaluation into the process, and it also helps 
to establish the Department as the medical authority in occupational disease. 


The industrial hygiene laboratory has meanwhile developed to the point where 
it is able to train chemists for neighboring countries. (ne man has been trained 
there for Chile, one for Colombia, and two for Brazil. These four chemists have 
all finished their training and returned home and are now responsible for develop- 
ing industrial hygiene laboratories in connection with the programs of their own 
countries. They have the help of Mr. Landry, our consultant chemist, who, like 
myself, is at the service of all the countries that need him. 

The Peruvian Department of Industrial Hygiene has worked mainly in the 
mining areas, with the pneumoconioses as the chief target. Law 10833, passed in 
March, 1947, specified that the program should start in those areas and with that 
target; such an emphasis is important not only to Peru but also to the United 
States, because we look to these high mining areas for such strategic minerals as 
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lead, copper, antimony, and vanadium. Anything we can do to add to the stability 
of labor in this and other Latin American countries will be to our own benefit 
as well. 

And here is a very interesting point about the Peruvian labor force. It is a lim- 
ited group of men—about 26,000—who have the physiological make-up to do hard 
work in the high altitude. High-altitude men in Peru means the Andean Indians. 
with their big chests, outsize hearts and lungs, and extra millions of red blood cor- 
puscles and extra quantity of blood. No others need apply for the hard work of 
mining at 14,000, 15,000, and 16,000 ft. above sea level, because they could not take 
it. When Marion Trice joined the program in 1948, he was greatly intrigued by 
all this, for, as he said, it meant that the Indians by their special physiology still 
held the key to the ancient wealth of the Incas. We have used his comment many 
times, because it so eloquently points up these facts. 

Nearly all the miners are illiterate. Many of them speak only Quechua, an 
Indian tongue. However, they know silicosis, which they consider to be a tubercu- 
losis of the mines. They have seen what it has done to men before them, and 
they are afraid of it. Today, many young men of the high Andes who would 
ordinarily be miners are refusing to engage in this occupation. 

The first 2,837 medical examinations made during the course of the Peruvian 
survey revealed silicosis in more than 13% of those examined. It is too soon, as you 
well know, to produce a graph showing a downward slide in silicosis, for first we 
have to lower the reservoir. As public health people, however, we know that the 
disease is taking the downward path because of the controls being instituted over 
the dust. Industries are responding handsomely, inviting Department men back 
to help in carrying out the recommendations they made following the survey. Big 
companies are putting in their own health program and are looking to the Depart- 
ment for guidance. 

A plant physician from a smelter high in the Andes came to our Lima office one 
day last December. He had requested that someone from the Department come 
to the plant to advise him on respirators, but before anyone could be sent he paid his 
visit to the Department. He wanted to know what types of respirators to buy and 
wanted advice also on sterilizing the equipment and on the daily handling of the 
devices. The company was buying 4,000 respirators to use as temporary controls 
until permanent ones could be installed. 

The response from labor has been equally gratifying. The unions used to ask 
for extra pay for the men doing hazardous work and let the problem go at that. 
Now they are inviting the Department to send in its specialists to evaluate the 
environment and are asking for health talks and motion pictures and anything else 
that will enlighten the workers. 

The Department is using its surveys to stimulate general public health work. 
A sanitary engineer goes along with the team to make a study of the community 
sanitation facilities. The physicians, in examining workers during the course of a 
survey, offer immunizations to everybody—not just to the workers but to their 
families and neighbors. They also evaluate diets and carry on health education. 
In places where there is a single large industry, the survey program, by putting out 
such shoots, may promote in the end a general health program. 
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The Department has done a little preliminary work in industries outside mining, 
but it has not really gone into a general program yet. The staff is still too small 
for taking in the entire industrial scene, and the program for the mines is too 
urgent. Last year, The Institute of Inter-American Affairs borrowed Victoria 
Trasko from the United States Public Health Service and sent her down to help the 
Department for six months in training the staff to gather and analyze data. Under 
her direction, the staff made a study of several hundred varied industries in the 
three great geographical areas of Peru—the coast, the mountains, and the jungle. 

It is a real pioneering program in Peru, and we have had all kinds of satisfaction 
from our job of introducing industrial hygiene into this interesting country with its 
mineral treasures and from the opportunities that the job has forced on us of trav- 
eling the ups and downs of its fantastic geography. Even after many trips we still 
feel a certain excitement when we start up into the mountains, heading into the 
old kingdom of the Incas, and we even feel a little vain about our brushes with 
soroche, the high-altitude sickness. Soroche is somewhat mysterious, because some- 
times it will hit you and other times it will pass you by. High-altitude physicians 
say that if your stomach is a bit off that may predispose you to soroche; some of 
them also say that much depends on your psychological state, that if you go up 
feeling low in mind and spirits you may be more likely to get this mountain sick- 
ness. We went up in December, 1951, to open a branch unit of the Department, 
and as we wound up the last grade of the Western Cordillera, our guest speaker 
had to resort to the oxygen tank which we carried in the station wagon; when we 
reached La Oroya, our destination, he went to bed. He had come along to repre- 
sent the Minister of Public Health who could not take the high-altitude trip because 
of a weak heart. 

In going up into the central mining areas of Peru, we cross the Western 
Cordillera at the Ticlio Pass, which is close to 16,000 ft. above sea level. Back in the 
early days of The Institute of Inter-American Affairs, a nurse who had just arrived 
in Peru was on her way to help open a small hospital in the jungle, making the 
trip in a station wagon with Peruvians who knew no English. At Ticlio she saw a 
“cute” llama and ran after it with her camera. Suddenly, to her surprise, she began 
to vomit; no one had told her about soroche. 

As an inducement to you all to come and visit us, I shall mention that a train 
will take you up over the pass (it is the highest standard-gauge railroad in the 
world) and that you can be served oxygen or epinephrine, too, if you need it, on the 
train. A little man in a white coat goes up and down the aisle, as the train heads 
toward the top, with an oxygen bag under his arm to blow the blessed gas up the 
noses of any faint passengers. There is a lot of psychology loose in the car, for if 
one person is seen getting oxygen, then his neighbors start feeling short of breath. 
And that is Peru—land of fantastic geography ! 

Bolivia—In four other South American countries, The Institute of Inter- 
American Affairs has aided in the establishment of industrial hygiene programs. 
Bolivia is one. This land-locked country of more than 3,000,000 inhabitants is 
synonymous with tin, but it has other mineral deposits and immense oil reserves. 
La Paz is the highest capital in the world and certainly one of the most brilliant 
to the eye. It is presided over by a hoary old giant peak called Illimani. On its 
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streets you walk among Indians in multicolored clothing and come face to face with 
the haughty llamas. 

Industrial hygiene is off to a second start now in Bolivia. The Magruder Com- 
mission went there in 1945 for its labor study, and in 1947 I made my study of 
industrial health problems; then for some reason the projected activities lapsed. 
The Ministry of Mines and Petroleum, the Ministry of Labor, and the Social 
Security Bureau all do some work in industrial hygiene, but they lack specialists 
and equipment. Six months ago, Holden McClung went down for the Institute 
and under his direction the program is being reactivated. 

Brazil—The Brazilian story is difficult to summarize, because it is a big one. 
Brazil is a big country, with 52,000,000 persons; some millions are in the great 
cities along the Atlantic seaboard, and other millions are spread thinly through 
the roomy interior. In a country so large, industrial hygiene activities could 
hardly be centralized administratively as they are in Peru. 

Brazil has an indemnification law of wide application covering occupational 
diseases; a greater number of workers are included under it than are included 
under similar laws in other countries, but the compensation is low. 

A number of agencies are interested in and are working on industrial hygiene. 
The Ministry of Labor of the Federal government has a program, and so have the 
governments of the states of Sao Paulo and Rio de Janeiro, both of which are 
industrial states. An Industrial Welfare Agency which derives its money from the 
Federal government is also interested in industrial hygiene. 

The same handicaps, however, are at work here as I have been mentioning for 
other countries; they are lack of trained rank-and-file industrial hygienists and 
lack of equipment. The agencies all have some equipment and laboratory services, 
but their program is limited mostly to medical assistance or medical control. The 
School of Public Health of the University of Sao Paulo, with an industrial hygiene 
physician, a chemist, and an engineer on its staff and an industrial hygiene labora- 
tory, is developing into a center of training. Prof. Benjamin Ribeiro of this school 
is an outstanding hygiene physician. 

What kind of assistance, then, does the Institute provide in this enormous 
country in which industrial hygiene has made a start through several agencies? 
What we are doing is putting on a demonstration program in cooperation with 
the State Department of Health in Rio de Janeiro. George Taylor, of California, 
is in charge. The industrial hygiene unit is located at Niteroi, capital of the State 
of Rio de Janeiro, which is just across the bay from the famous city of the same 
name. Here a laboratory has been established under the direction of a Brazilian 
chemist who was trained in our industrial hygiene laboratory in Lima. If anyone 
wants to know what industrial hygiene is in practice, we can refer him to this demon- 
stration program. When the program has matured sufficiently, it will be turned 
over to the state, and the technical assistance will be rendered to another region. 


Chile-—Chile also has an active industrial hygiene program. Chile is that long 
thin country, extending for 2,600 miles down the southwestern coast to the end of 
the continent. It has almost 7,000,000 inhabitants, about 1,500,000 of whom work 
in industry. Some 100,000 are employed in the extraction of minerals. Silicosis 
tops the occupational diseases. 
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The industrial hygiene program is administered by the National Health Service 
of the Ministry of Health. William McQuary, the Consultant furnished by The 
Institute of Inter-American Affairs, arrived in April, 1951. A preliminary study 
has been made of 600 industries of various classes. Victoria Trasko came down for 
two weeks, when she was assigned to Peru, to help organize the statistical methods 
for this study. The industrial hygiene division has also made studies of atmospheric 
pollution and is giving much service in the prevention of occupational diseases. 

Colombia.—Colombia, a nation of 12,000,000 inhabitants, is young in industry 
but is developing fast and has embarked on an industrial hygiene program. The 
work is under the direction of Marion Trice, who arrived there in September, 1951. 
The Department is small yet, but studies have already been made in 276 industries, 
including some mines. Mr. Trice reported for months, in discouraged communi- 
qués, that the Department was getting frustrated because equipment was so slow 
in arriving from the United States, but the equipment has come in now and the 
unit is small but complete. 

This ends my summary of the five active programs in Peru, Bolivia, Brazil, 
Chile, and Colombia. That is not the end of our industrial hygiene story, however, 
because five more Latin American countries have taken the first steps toward 
getting a program. 


Mexico—Many years back, this picturesque country decided to join the 
industrial age as a fullfledged member. The traditional economy of Mexico was a 
combination of hand agriculture and of mining, but she has been broadening this base 
deliberately and wisely and today can show a variety of industries. The principal 


manufactured goods of Mexico are textiles, foods and beverages, iron and steel, 
and materials for construction. I made a two-month study there in 1952 and sub- 
mitted my recommendations, and we are on the way now, with a new department of 
industrial hygiene in the Ministry of Health, to developing a real preventive 
program. 

Venesuela.—I have just finished my study in this country and am still under 
the influence of the royal welcome I received from all officialdom there. The Minister 
of Health had made the request of our office that I come in to make a basic health 
study in industry. The Ministry of Labor, the Social Security Institute, and 
industry all aided greatly in my investigation. 

The history of Venezuela took a dramatic turn about 1920. Until then it had 
been an agricultural country of some 350,000 square miles in territory with a sparse 
population. The oozing black oil had been known for centuries back, but no one 
knew what to do with it until the automobile arrived on the scene. With the exploita- 
tion of the oil fields on a big scale, Venezuelans turned wholeheartedly to this 
mineral as a way of life; they dropped everything else except some subsistence agri- 
culture and a little mining in the east. Any casual tourist to Venezuela today gets 
a quick lesson in economics when he sends a suit to be cleaned or drops into some 
little lunch place for a sandwich and a cup of coffee; in turn, he can lecture like 
a college professor on what it means to Venezuela to have its whole economy tied 
in with the money income from oil. One is told there that servants go to the United 
States for vacations, because they can do it so cheaply. 
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The government of Venezuela is extremely anxious to broaden the economy, 
and every new industry is a matter for rejoicing. The country now has a variety 
of small industries, and a few large ones. In the east down on the Orinoco, there 
is a boom area centering around the fabulous mountain of iron ore discovered a few 
years ago. 

Altogether it is a fascinating environment in which to do an exploratory industrial 
health survey, and I am convinced that we shall have a good program there, for 
the government seems to be willing to “shoot the works” on industrial hygiene. 

Costa Rica and El Salvador—These two small Central American countries 
have also requested an industrial health survey. Costa Rica for some time has had 
a National Commission on Industrial Hygiene, with representation from the 
Ministry of Health, the Ministry of Labor, the Social Security Agency, and from 
industry and labor. 

Uruguay.—This extremely democratic little country, tucked into the bend of 
the southern continent as it slims off toward the pole, is also interested in an 
industrial hygiene program. It has an Industrial Hygiene Commission within the 
government, with representatives from the Ministries of Health and Labor and 
from the Social Security Bank. 

This ends my roundup. It does not cover all the Latin American countries—only 
those in which The Institute of Inter-American Affairs is participating in the 
development of industrial hygiene programs. Of 20 Latin American countries, 10 
have turned to The Institute for technical assistance in industrial hygiene. These 
10 include the Andean countries rich in strategic minerals; Brazil, the biggest and 
most advanced industrially ; Venezuela, at the head of the class in oil and iron, and 
Mexico, which is fast becoming an industrial nation. In five of these countries, the 
Institute is sponsoring a program of industrial hygiene, and in the other five the 
basic health survey has either been made or is on my agenda. These 10 countries 
contain 75% of the population in Latin America and also 75% of the total labor 
force. 

In summarizing our technical assistance to Latin America in industrial hygiene, 
I should like to state our general objectives. The industrial hygiene unit, through 
which we work, may be a department of some years’ standing in the Ministry of 
Health or it may be a new department, but it is usually under the direction of the 
cooperative health program and of industrial hygienists from the United States 
assigned to such a program. The industrial hygiene unit has the function of guiding 
and advising industry in the solution of its health problems and of encouraging large 
industries to develop their own plant programs. To accomplish all this the industrial 
hygiene services have practically the same responsibilities as have those in the 
United States, from which they are drawing greatly in the way of experience 
developed in the states. 

We also hope to sow the seeds of industrial hygiene by lectures at the universi- 
ties. Two of us have already given courses of lectures at the Schools of Public 
Health in Brazil and Chile, and another of our consultants has given special courses 
in laboratory techniques at the San Marcos University in Peru. 


We shall continue the training of personnel by in-service teaching and by study 
grants to the most gifted students for postgraduate training in the United States. 
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Seminars are another means by which we offer education, and we have, in fact, 
just emerged from the first of these, which was given all during the month of March 
in Peru by Dr. Arthur J. Vorwald, of Saranac Lake, N. Y. His visit was sponsored 
by The Institute of Inter-American Affairs. Ministries of Health in neighboring 
countries were notified of his visit so that physicians and others interested might 
arrange to attend. 

Dr. Vorwald’s conferences were devoted to the pneumoconioses and related 
diseases, with special emphasis on silicosis. They were held in hospitals and in 


conference rooms of medical societies so that it might be convenient for physicians to 


attend. The first half of March Dr. Vorwald lectured in Lima, and then he went 
up into the Andes to appear before the physicians of the mining areas. 

These conferences were the kind of thing that makes one realize, even while his 
back is aching from those backless benches in the conference room of a hospital, 
how science transcends international barriers. Or rather, the frontiers between 
nationalities simply vanish when professional people gather to hear one of their 
experts give of his knowledge on the pneumoconioses and other occupational 
diseases. 

This reflection brings us to the reason for the success of the cooperative health 
programs in Latin America. They offer something that people need and want and 
respect. 

And with this, I am going to end with a very useful Spanish phrase for closing 
a discussion—He dicho |I have spoken]. 
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ACK OF audiometric data which have been correlated with noise exposure has 
long been a barrier to the establishment of valid damage risk criteria. Con- 
sequently every bit of evidence relating hearing measurement to industrial noise 
environment will contribute to the background of knowledge necessary to provide 
such criteria. This study represents the results of a detailed satistical analysis of 
preplacement, weekday, and Sunday night audiograms correlated with evaluations 
of the noises to which employees were exposed. The plant in which the subjects 
worked is a cotton textile mill which had been in operation for nearly 100 years. 
The population of the city in which the plant is located has been stable, and many 
of the residents have at some time worked in the cotton textile industry. Our 
decision to undertake this study was based on the fact that a program of preplace- 
ment audiometry had been instituted in the plant early in 1950 by an alert medical 
director. This presented the opportunity to study the effects of exposure to noise 
from the weaving and spinning operations in cotton textile manufacturing for two 
to two-and-one-half years. 

There are many problems and pitfalls facing anyone who attempts to evaluate 
audiometric data from industrial noise environments. Among these are the follow- 
ing: frequent absence of preplacement audiograms; difficulty in many industries 
of determining a person’s exposure-time pattern; lack of uniformity of exposure 
to noise, both as to intensity and as to frequency characteristics, in different oper- 
ating areas of the same plant; transfer of employees from one noise environment 
to another ; use of ear protection, and labor turnover. In addition, it is necessary 
to cope with many factors affecting the validity of the audiograms. These include 
background noise in the audiometer room, skill of the observer, calibration of the 
equipment, variation in fit of earphones, and physical condition and mental attitude 


Presented at the Industrial Health Conference, Los Angeles, in Joint Session of the Ameri- 
can Industrial Hygiene Association and the Industrial Medical Association, April 22, 1953. 
Loss Prevention Department, Liberty Mutual Insurance Company, Boston (Mr. Cox); 
Industrial Hygiene Engineer, State of Maine Department of Health and Welfare, Augusta (Mr. 
Mansur); Director of Applied Research, Loss Prevention Department, Liberty Mutual Insur- 
ance Company, Boston (Dr. Williams). 
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of the employees. All these problems are of vital importance in a research study, 
but they must also be given serious consideration in all routine audiometric pro- 
grams set up in industrial plants. 

The present study was considered especially promising because many of the 
difficulties mentioned above were either absent or minimal. In the first place, a 
program of preplacement audiometry was in operation. Also, management interest 
and employee cooperation permitted obtaining reaudiograms under ideal condi- 
tions so far as morale and motivation were concerned. The noise fields in the 
weaving and spinning operations have been remarkably uniform within each room. 
Since there has been little interdepartmental exchange of employees, the noise 
environment for each employee has in most cases been the same throughout his 
employment. Furthermore, no ear protection has been used. 
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Chart 1—Mean octave band noise levels to which personnel from the weaving, spinning, and 
control groups were exposed. The numbers at the right indicate the number of measurements of 
the noise that were made. The vertical bars indicate the standard error of the mean sound 
pressure level. 


INDUSTRIAL NOISE ENVIRONMENT 


The plant is engaged in the production of cotton yarn and cloth. A majority of 
the employees exposed to noise have been engaged in spinning and weaving. Detailed 
audiometric studies have been confined to these groups, plus a control group made 
up of employees from less noisy departments. 

There are six spinning rooms, ranging in size from 50 by 42 by 11 ft. (15.2 
by 12.8 by 3.3 m.) to 275 by 70 by 14 ft. (83.8 by 21.3 by 4.2 m.). The number of 
spinning frames vary from 50 to 75 per room. Weaving operations are carried on 
in six rooms, ranging in size from about 250 by 70 by 11 ft. (76.2 by 21.3 by 3.3 m.) 
to 300 by 100 by 13 ft. (91.4 by 30.4 by 3.9m.) The number of looms range from 
150 to about 400 per room. The buildings in which these operations are housed 
are three- to five-story mill-type structures, all more than 50 years old. 
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Grouping According to Noise Environment.—The sound intensity throughout 
both the spinning and the weaving rooms has been remarkably uniform. In addi- 
tion, there has been little shifting of personnel from job to job. Therefore, the two 
groups selected from employees in the weaving and spinning rooms have been 
exposed to the same noise eight hours a day five days a week since the preplace- 
ment audiogram test. A third group was selected for control purposes from those 
persons who worked in areas in which the noise was no greater than everyday 
sound intensities. 

The mean sound intensity for the control, spinning, and weaving groups is 
shown in Chart 1. The extremities of the bars indicate the standard error of the 
mean computed for the distribution of intensities measured in several different 
rooms, at several positions in the rooms, and on two different occasions eight months 
apart. The number of measurements is indicated in each case. Note that the mean 
exposure is specified within very narrow limits in both the spinning and the weaving 
rooms. The noise in the weaving room is in the vicinity of 95 db. per octave band 
throughout the frequency spectrum. Above the 300 to 600 eps band this spectrum 
approximates some of the currently proposed damage risk criteria. The sound 
intensities per octave band in the spinning room are roughly 10 db. below those in 
the weaving rooms. 

These noise spectra are typical of those found in several other mills engaged in 
these operations. The over-all variation in the spinning and weaving room spectra 
throughout all these mills was about plus or minus 5 db. The greater noise levels 
produced by the older frames seemed to be a major cause of the variations in the 
spinning rooms. In the weaving rooms, the noise levels increased slightly with 
loom speed. Also, looms mounted on a wooden floor produced more low frequency 
noise that looms mounted on a concrete floor. 

The mean exposure for the control group was obtained by weighing each noise 
spectrum by the number of persons in the control group who were exposed to that 
particular spectrum. The standard error of this mean is much larger than that for 
the other two noise environments. The most intense spectrum of this group is no 
greater than what one may encounter in many common nonindustrial situations. 


SELECTION OF NORMAL AUDIOGRAMS 


The effect of noise on persons without hearing loss was of primary interest. The 
comparative simplicity and usefulness of a study on persons with normal hearing 
were factors in the early decision to separate the normal and the abnormal groups 
and to concentrate almost exclusively on the former. 

It was clear from a review of the preplacement audiograms and from audiograms 
taken on ourselves that the background noise in the audiometer room raised the 
normal threshold. The traditional definition of a normal audiogram requires that 
there be no hearing loss greater than 10 db. An approximate normal threshold for 
the preplacement audiogram was determined by averaging the differences between 
our own audiograms at each frequency taken under these conditions and those 
audiograms taken under more ideal circumstances. The background noise raised 
the threshold by approximately 17 db. in the three lower frequencies and about 
15 db. in the higher ones. These average differences plus 10 db. were chosen as the 
limiting values for a normal audiogram. If a loss of 25 db. was observed at any 
frequency, the audiogram was rejected for the normal group, except that a single 
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loss of 30 db. was allowed at 125, 250, or 500 cps. This rule on the average closely 
approximates the limiting values chosen for the normal audiogram. It was adhered 
to exactly for all groups considered in this study. If a person was normal in one ear 
but abnormal in the other, he was, nevertheless, rejected from the normal group. 
Admittedly, some persons were classified in the normal group by the above rule 
whose hearing would have been less than normal if tested under ideal conditions. 
However, the procedure was set up to obtain a group generally free from serious 
hearing difficulties. We believe that this objective was accomplished. 

A total of 86 normal subjects were drawn from 226 employees having preplace- 
ment audiograms (Chart 2). The remaining 140 had some hearing abnormality 
which excluded them from our normal group. At the end of the study the number 
of normal subjects had been reduced to 54 by labor turnover. These subjects were 
distributed about evenly among the three groups throughout the study. 


GROUPING BY NOISE 
| ENVIRONMENT 


SIZE OF NORMAL GROUPS FOR EACH TEST 


T 
GROUPING BY CONTROL SPINNING | WEAVING 
TEST GROUP GROUP GROUP 


PREPLACEMENT TEST 


By Nurse in first aid 
room — with plant 
operating 


WEEKDAY TEST 


By RHM in anteroom 
with plant operating 


SUNDAY NIGHT TEST 


By RHM in anteroom— | 


with plant shutdown 


Chart 2.—Size of the groups and arrangement of the tests. 


AUDIOMETRIC TEST CONDITIONS AND PROCEDURES 


Three audiometric tests were made on each of the members of the three groups—control, 
spinning, and weaving (Chart 2). All the preplacement audiograms were taken by the plant 
nurse at the time of employment. The second test was made on the job within 15 minutes after 
the workers had left the noisy environment and is called the weekday test. The third group of 
audiograms was taken on Sunday night after the workers had been away from the noisy 
environment for about 40 hours. The audiograms making up the weekday and the Sunday night 
tests were taken by one of us (R.H.M.). The same audiometer was used throughout. 

The background noise was different for each of the three tests (Chart 3). The preplacement 
test was taken in the first-aid room; the weekday and Sunday night tests were taken in an 
anteroom adjacent to the first-aid room. The weekday test was taken while the plant was in 
operation, but on Sunday night the plant was shut down. The remaining noise background 
on that night was caused by the exhaust system. The mean audiograms for the control group 
(Chart 4) distinctly reflect these differences in background. The difference in the operators’ 
techniques is not as clearly in evidence because of the large variations caused by the changing 
background conditions. 
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Chart 3.—Background noise in the audiometer room for the preplacement, weekday, and Sun- 


day night tests. 
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Chart 4.—Mean audiograms for the control group, showing the influence of the different back- 
ground noises during the three tests. 
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Were it not for the control group, the task of obtaining meaningful information 
in such circumstances of different operators and different backgrounds would be 
hopeless. Even with more ideal audiometric conditions, the control group would 
have been useful to evaluate any improvement in the second and third tests caused 
by the experience gained by the subjects during the previous tests. Likewise, dif- 


NOISE STUDY 
Blank Manufacturing Company 
AUDIOGRAM 


Date 


1000 2000 4000 8000 


QUESTIONNAIRE 


1. Any vrevious employment in a textile mill? —__—_—___Whatt room? 
How lons? When? What operation? 


2. Any vrevious employment in a noisy job other than a textile mill? 
Details as above 


3. <Any military service? What branch and assignment? 
leneth of service? 


4, Any huntine? How often? —_______ Type of arms used? 
Right or left handed? 


5. Any ear trouble? Infections, mastoid, excessive wax? 
Before or after date of audiogram? 


6. Any head injuries? Ever involved in a violent explosion? 
Details 


Before or after date of audiogran? 


7. Do you have a cold now or have you had one recently? 
How lone ago? 


8. Any persons who are hard of hearing in your family? 
What relation is this person to you? 


Chart 5.—Questionnaire and audiogram blank to be filled out for each subject in the study. 


ferences caused by other subtle variables, such as the time of day, week, or year, can 
be reduced by the careful use of this group. 


The differences in the audiometric conditions for the three tests are great enough 


to raise the question as to whether any real connection exists among the three 
audiograms on any one person. If there is a real connection, the similarity between 


a person's preplacement and weekday audiograms will on the average be decreased 
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by substitution of someone else’s pleplacement audiogram for his. A study of the 
control group provided the answer to this question, because no unusual changes in 
hearing were expected during the period of the tests. 

Analysis shows that the similarity or correlation of the two tests conducted by 
R.H.M. on the control group was good at most frequencies. Of course, the effect of 
the background noise at 125 cps and the effect of the uncertain fit of the earphones 
at 8000 cps caused large threshold variations that reduced the correlation at these 
frequencies. The correlation of the preplacement tests taken by the nurse with those 
taken by R.H.M. was not as good but was, nevertheless, highly significant. Statis- 
tical analysis of the correlation coefficient among the various tests indicated that 
there was a better than 99.9% chance that positive correlation existed between the 
preplacement and the subsequent tests. Therefore, we believe that the use of the 
preplacement audiograms helped to establish the validity of the audiometric results. 

It seemed wise to prove that differences among the three groups on the weekday 
or Sunday night audiograms could not be caused by any factors other than noise. 
To this end a questionnaire was presented to all the subjects asking a number of 
questions relevant to other sources of hearing degradation (Chart 5). The details 
of previous noise exposure, military service, use of firearms, ear trouble, head 
injuries, current head cold, and hereditary hearing loss were investigated. In addi- 
tion, age, length of employment, month of employment, sex, and elapsed time 
since exposure to the noise were recorded. A statistical analysis of these data showed 
that among the three groups there was no significant variation in the answers to the 
above questions. Therefore, the subjects can be assumed to have been drawn in a 
random fashion from the entire normal group. The only systematic difference has 


been the noise environment. 


MEAN AUDIOMETRIC DATA 

Thus we have three groups—spinning, weaving, and control. While preplace- 
ment, weekday, and Sunday night audiometric tests were taken under different 
conditions, those for the weaving, spinning, and control groups were identical for 
each test. The mean preplacement audiograms of the three groups (Chart 6) were 
almost identical. The deviations of the group means from the mean of the entire 
normal group were about what would be expected by a random selection of the 
group members. The threshold of no one group was consistently better or worse 
than the threshold of another. 

The mean weekday audiograms for the three groups are shown in Chart 7. Large 
shifts occur at 4000 cps for those employed in noisy environments. As indicated 
above, these differences can be ascribed only to the noise. The threshold of the 
weaving group was consistently worse than that of the other groups. 

The mean Sunday night audiograms for the three groups are shown in Chart 8. 
There is noticeable recovery in both the spinning and the weaving groups. After 


about 40 hours of relief from the noise, the spinning group had practically returned 


to normal, but the weaving group continued to show significant hearing loss at 2000 
and 4000 cps. 
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Chart 6.—Mean preplacement audiograms for the three groups prior to the noise exposure 
shown in Chart 1. 
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Chart 7.—Mean weekday audiograms for the three groups after exposure to the noise tor 
about a year and a half. These audiograms were taken within 15 minutes after the subjects had 
left the noise environment. 
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As indicated above, the values at 125 and 8000 cps are not as reliable as those 
at the other frequencies because of background and variations in earphone fit. 
Therefore, the slightly inconsistent results at these frequencies are of little conse- 
quence. 
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Chart 8.—Mean Sunday night audiograms for the three groups after the subjects had been 
away from the noise for about 40 hours. 
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Chart 9—Mean change in the threshold of hearing for the spinning group resulting from 
noise. 


The audiometric data may be presented in a more meaningful fashion, if we 
consider the difference between each person’s preplacement audiogram and his sub- 
sequent audiograms. The resultant audiometric shifts are corrected for audiometric 
changes not caused by noise. This step was accomplished by subtracting the mean 
control group shift from the mean shifts of the other two groups. The resultant 
curves represent the mean change in hearing acuity attributable to noise in the 
spinning and weaving groups. 
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The curves of Chart 9 show the mean audiometric shifts due to noise for the 
spinning group. The solid curve is the weekday shift after an average of 16 months’ 
exposure. The dashed curve is the Sunday night shift after an average of 19 months 
of daily exposure and immediately after an average of 43 hours away from work. 
At 4000 cps the mean weekday loss was 7 db., but almost complete recovery was 
observed on Sunday night. The mean age of this group was 23. 
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Chart 10.—Mean change in the threshold of hearing for the weaving group resulting from 


noise. 
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Chart 11.—Comparison of the statistical significance of the mean losses shown by the Sunday 
night test for the spinning and the weaving groups. Plot of the probability shows that there was 
more hearing loss for the two groups exposed to noise than for the control group. 


The curves of Chart 10 show the mean audiometric shifts due to noise for the 
weaving group. The solid curve is the weekday shift after an average of 21 month's 
exposure. The dashed curve is the Sunday night shift after an average of 24 months 
of daily exposure and immediately after an average of 42 hours away from work. 
At 4000 cps the mean weekday loss was 16 db. A recovery of 8 db. has been observed 
on Sunday night. The mean age of this group was 28. 
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the background noise may not have suffered a loss great enough to be evident on 
the weekday test. However, when tested on Sunday night with reduced background 
noise, the threshold of the weaving group did not improve as much at 125 cps as 
did that of the control group. This may have been caused in part by a small low 
frequency loss of about 3 db. for the weaving group. This loss was not observable 
in the weekday test results because of the higher background. 

The statistical significance of these results can best be seen from a plot of the 
probability that the mean hearing acuity of the weaving and spinning groups was 
depressed relative to the control group. Chart 11 shows this probability for the 
Sunday night test. A probability often chosen as the value above which a result is 
statistically significant is 95%. This value is indicated by the heavy line on the 
figure. 

Thus, it can be seen that the probability of at least one person suffering a loss 
among the weaving group is 98.0% at 2000 cps and 99.5% at 4000 cps. This refers 
basically to the probability of some audiometric shift occurring in the mean of the 
group. However, if the hearing of at least one person in the group is depressed 
by the noise, the mean of the group will also be depressed relative to the control 
group. These probabilities give no indication of the amount of the shift, since they 
embrace all shifts no matter how small. In the case of the spinning group, the prob- 
ability of a mean group loss is not statistically significant at any frequency. 

The above measures of significance are based on the spread of the data only. 
Other possible errors, such as differences among the groups in other factors affect- 
ing hearings, have been evaluated separately. As indicated above, a study of these 
other factors has shown them to be certainly of little importance. 


SUMMARY AND CONCLUSIONS 


Studies of noise and audiometric histories of employees in spinning and weav- 


ing operations and of a third group constituting a control were made covering 


exposures up to 24 months. While the groups were small, many often-neglected 
factors bearing on hearing loss measurement have been evaluated. Measurements of 
noise were made in octave bands in the environments in which the subjects worked 
in order to relate any hearing loss to the noise which produced it. 

The audiometric results have been analyzed, with use of careful statistical 
methods to offset the disadvantage of the limited number of subjects. This analysis 
permitted establishment of the validity of the conclusions drawn from the audiomet- 
ric data. 

Our experiences in this work gave an indication of the large number of factors 
which must be taken into consideration in studies designed to correlate hearing loss 
information with noise spectra. As a result of this work, we have been able to draw 
the following conclusions. 

1. One of the results of this study was that meaningful information could be 
obtained, even though the audiometer room background noise was neither low nor 
constant. 

2. Among the weaving group there was a partial recovery of the loss shown in 
the weekday audiogram after the subjects had been away from the noise for 40 
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hours. It should be emphasized, however, that this length of time was not neces- 
sarily long enough to permit evaluation of the permanent hearing loss. 

3. Those in the spinning group showed complete recovery in about 40 hours 
from the loss shown in the weekday audiogram. It should be borne in mind that the 
noise from spinning operations was about 10 db. less per octave band than that from 
weaving operations and that the weekday hearing loss was less than one-half that 
for the weaving group. 

4. These results apply to exposures of approximately two years. It is impossible 
at this time to predict the effects of longer exposures to this kind of noise. 

5. Although the pure tone hearing loss resulting from these noises is measurable, 
the effect of this loss on speech perception is minimal. The American Medical 
Association method of computing percentage hearing loss was applied to the audio- 
metric shifts observed between the preplacement and Sunday night tests relative to 
the control group. Those exposed to noise from spinning operations showed only a 
0.5% mean loss, and those in weaving operations showed a 2.9% mean loss. Losses 
of this order of magnitude produce no significant decrease in a person’s ability to 
understand conversational speech. 


In conclusion, it is hoped that this report will serve a dual purpose—to present 
audiometric data which have been correlated with noise analyses for certain opera- 


tions in one industry and to indicate the factors which must be considered in 
setting up and carrying out a program for evaluating hearing loss from noise. 
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ICKEL carbonyl, Ni(CO)4, has been manufactured since shortly after its 

discovery by Mond in 1890." Despite its high degree of toxicity, compara- 
tively little trouble has been encountered in manufacturing operations from exposure 
to the vapor. Until recently there was little use for nickel carbonyl other than for 
the separation of nickel from its ores. In this process, the nickel carbonyl formed 
is handled entirely as a vapor in a closed system at atmospheric pressure. Thus, 
it is not difficult to avoid accidental exposure. On the other hand, the recently 
revealed utility of nickel carbonyl as a reagent for the synthesis of acrylic esters * 
requires the handling of the pure liquid and its solutions, and thus accidental 
exposure is much harder to avoid. This suggested the need for an experimental 
study to determine the L.D.59 for a number of experimental animals and to discover, 
if possible, reliable methods of diagnosis and treatment. 


GENERAL CONSIDERATIONS OF NICKEL CARBONYL 

Properties of Nickel Carbonyl—The boiling point of nickel carbonyl is 43 C., 
and its vapor pressure at 25 C. is 380 mm. Hg. This high volatility makes it difficult 
to avoid exposure by inhalation during handling. In fact, the hazard by inhalation 
of the vapor is so great in comparison with that due to ingestion or skin absorption 
of the liquid that only exposure by inhalation was studied in these experiments. 
The material is unstable, decomposing at an appreciable rate at body temperature 
in the presence of air and in the absence of a back pressure of carbon monoxide. 
It is thus probable that the toxic effects of inhaling the vapor are due to its decom- 
position products rather than to nickel carbonyl as such. The material resulting 
from decomposition of nickel carbonyl after deposition in the lungs has not been 
positively identified, but it must be in part an oxidation product of nickel.* 


From the Research Division of the Rohm and Haas Company and Jefferson Medical College. 

Requests for reprints should be directed to Dr. F. W. Sunderman, Jefferson Medical Col- 
lege, Philadelphia 7. 

1. Mond, L.; Langer, C., and Quincke, F.: Action of Carbon Monoxide on Nickel, J. Chem. 
Soc., London, 57:749-753, 1890. 

2. U. S. Patent 2,582,911, dated Jan. 15, 1952, and granted to Harry T. Neher, Edward H. 
Specht, and Andrew Neuman, Rohm and Haas Company, Philadelphia. 

3. Mellor, J. W.: Comprehensive Treatise on Inorganic and Theoretical Chemistry, Lon- 
don, Longmans, Green & Co., 1929, Vol. 5, p. 953. 
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Literature Values for Acute Toxicity of Ni(CO), by Inhalation —Armit * 
studied the effects of exposure to nickel carbonyl on rabbits, cats, and dogs; Gar- 
land ® studied them on mice, and quite recently Barnes and Denz* have reported 
data on rats and rabbits incidental to their study of dimercaprol (BAL) therapy. 

The data contained in these studies are summarized in Table 1. Of these data, 
only those of Barnes and Denz were obtained with well-controlled flow equipment, 
and only their data for rats are sufficiently extensive to permit the use of probit 
analyses for the estimation of L.D.59. In the other studies the “lethal dose” is not 
a well-defined quantity, and the data must be regarded as only semiquantitative. 
Nevertheless, there appeared to be a marked difference in the toxicity of nickel 
carbonyl for different species. 

General Symptoms Reported from Acute Exposure to Nickel Carbonyl.—The 
symptoms which follow exposure to nickel carbonyl appear to be of two types, 


immediate and delayed. Even with exposure sufficiently severe to cause death, the 


initial symptoms are usually mild and not specific, disappearing quickly upon removal 


Tas_e 1.—Literature Values for the Lethal Dose of Nickel Carbonyl by Inhalation for 
Several Species of Experimental Animals 


Lethal Dose, Time of 
Mg. per Exposure, 
Animal Liter of Air Minutes Source 
10 Garland 5 
Barnes and Denz ® 
Barnes and Denz ® 
Armit 
Armit 
Armit 


os 


The data of Barnes and Denz are given in their publication ® as the product of concentration and time, 
with exposure times of 10, 20, and 30 minutes. Their data for rats were converted to the equivalent concen- 


tration for 30-minute exposures and plotted on logarithmic probit paper to obtain the value given in the 
Table for 50% mortality. 


of the subject to uncontaminated air. The symptoms usually observed or reported 
in man include frontal headache, giddiness, nausea, vomiting, and sternal or 
epigastric pain. In addition, subjects may suffer from mild shock. 

The delayed symptoms are usually severer and appear 24 hours or more 
after the initial symptoms. According to the Medical Department of the Mond 
Nickel Company,’ patients suffer from headache, nausea, sleeplessness, and a pain 
or sense of constriction over the sternum and epigastrium. The pain appears to 
be aggravated by deep breathing, coughing, or excretion. 
cyanotic mucous membranes may be observed. 


101 F. 


Cold, clammy skin and 
3ody temperature seldom rises above 


4. (a) Armit, H. W.: The Toxicology of Nickel Carbonyl, J. Hyg. 7:525-551, 1907. (b) 
The Toxicology of Nickel Carbonyl, ibid. 8:565-600, 1908. 


5. Garland, G.: The Comparative Toxic Effects of Nickel Carbonyl and Carbon Monoxide, 
Thesis, University of Maine, 1933. 


6. Barnes, J. M., and Denz, F. A.: 


The Effect of 2-3-Dimercapto-Propanol (BAL) on 
Experimental Nickel Carbonyl Poisoning, Brit. J. Indust. Med. 8:117-126, 1951. 


7. Frazer, O. B. J., International Nickel Company, New York: Personal communication 
to the authors. 
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A survey of the medical literature would indicate that nine fatalities have been 
reported following exposure to nickel carbonyl.’ It is possible that there may be 
duplication in certain of the earlier reports. A description by Armit “ of four fatal 
cases, which corresponds well with those reported later, is quoted. 

The symptoms of nickel carbonyl poisoning in man were as follows: immediately after hav- 
ing been exposed to air containing plant gas, there was giddiness and at times dyspnea and 
vomiting. These symptoms passed off rapidly, as soon as the patients were brought into fresh 
air. After from 12 to 36 hours, the dyspnoea returned, cyanosis appeared and the temperature 
began to be raised. Cough with more or less blood-stained sputum occurred on the second day 
or later. The pulse rate became increased, but not in proportion to the respiratory rate. The 
heart remained normal. Delirium of varying types frequently occurred, and a variety of other 
signs of disturbance of the central nervous system was noted. Death took place in the fatal 
cases between the 4th and 11th days. The chief changes found at post mortem were hemor- 
rhages in the lungs, oedema of the lungs, hemorrhages in the white matter of the brain (in 
one case this was very extensive), while some doubt exists as to whether any blood changes 
were present. 

According to Brandes,** who reported a fatal case, the characteristic pathologic 
changes of nickel carbonyl poisoning observed in this case were as follows: (1) 
hemorrhages into the lung tissue and the white matter of the brain; (2) fatty 
degeneration of the walls of blood vessels, and (3) edema of the lungs. 

In addition to hemorrhages in the lung tissue and brain, hemorrhages have also 
been found in the adrenals of exposed animals with a greater than 50% frequency. 

Excretion of Nickel Carbonyl in Humans.—According to Drinker and 
co-workers,® nickel is almost never detected in normal urine. The sensitivity of 
their method is estimated to be less than 0.1 mg. per liter of urine. When normal 
subjects ingested food cooked in nickel utensils, the highest concentration that was 
excreted in the urine of their subjects amounted to approximately 4+ mg. per liter. 
Most of the nickel was found to be excreted in the feces. In the stools of subjects 
eating food cooked in nickel utensils, as much as 30 mg. may be excreted per day, 
compared with 0.8 mg. per day for normal subjects. 

On the other hand, the metabolic studies of Kent and McCance '° are somewhat 
at variance with the findings of Drinker and his associates. Kent and McCance 
found that in the two normal subjects that they studied more nickel was found in 
the urine than in the feces. The average amounts of nickel excreted in the urine 
of their subjects were 0.24 and 0.32 mg. per day, respectively; in the feces these 
amounts were 0.10 and 0.12 mg. per day, respectively. With the assumption of an 
urinary excretion of 1,500 ml. per day, these values indicate that the concentration 


8. (a) Brandes, W. W.: Nickel Carbonyl Poisoning: Report of Case, J. A. M. A. 102: 
1204-1206, 1934. (b) Hamilton, A., and Johnstone, R. T.: Industrial Toxicology, edited by H. A. 
Christian, New York, Oxford University Press, 1946, pp. 597-663. (c) Mott, F. W.: Carbon 
Monoxide and Nickel Carbonyl Poisoning: The Systematic Examination of the Cerebral Ner- 
vous System in a Case of Poisoning by Illuminating Gas and Two Fatal Cases of Poisoning 
Occurring in the Carbonyl of Nickel Works, Arch. Neurol., London 3:246-289, 1907. (d) Wales 
and Western Counties Notes, Lancet 1:268-269, 1903. (¢) Bayer, O.: Beitrag zur Toxikologie, 
Klinik und pathologischen Anatomie der Nickelkarbonylvergiftung, Arch. Gewerbepath. u. 
Gewerbehyg. 9:592-606, 1939. 

9. Drinker, K. R.; Fairhall, L. T., and Drinker, C. K.: Hygienic Significance of Nickel, 
J. Indust. Hyg. & Toxicol. 6:307-356, 1924. 

10. Kent, N. L., and McCance, R. A.: Absorption and Excretion of “Minor” Elements by 
Man: Cobalt, Nickel, Tin and Manganese, Biochem. J. 35:877-883, 1941. 
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of nickel is probably less than 0.25 mg. per liter. The values for the concentration 
of nickel in urine reported by Kent and McCance are higher than those found by 
Drinker and his associates and by ourselves. 


EXPERIMENTAL METHODS 


In order to obtain additional data on the toxicity of nickel carbonyl, the effects 
of exposure were determined on experimental animals. For these studies, albino 
mice, Wistar strain albino rats, and domestic cats were used. 

The method of producing known concentrations of nickel carbonyl in air is illustrated in 
Figure 1. A solution of nickel carbonyl in absolute alcohol of known concentration (usually 
within the range 1 to 10%) was introduced into the syringe. The plunger of the syringe was 
driven forward by the mechanism illustrated to introduce the solution into the air stream at 


Metered Air Stream 


Revolving Wood Syringe Coat'g 
Disk With Noils Ni(CO), Sofn 


String 


Revolving 
Gloss Mendre! 


Surge Bottle To insure 
Steady Air Flow(Pecked With Cotton) 


Ade From Pressovec Pump 


Fig. 1.—Apparatus for preparation of nickel carbonyl-air mixtures. 


a predetermined rate. Evaporation was immediate at the low rates of introduction employed. 
Mandrels of various diameters were used to vary the rate of advance of the screw. This varia- 
tion combined with the proper choice of concentration of the solution, of the air flow rate, and 
of the syringe capacity made it possible to obtain concentrations in air ranging from 0.015 to 
2.5 mg. of nickel carbonyl per liter of air (2 to 350 ppm by volume). No reduction in meter 
rate was detected with increasing load. The drive mechanism employed coupled the air stream 
and the rate of feed by the syringe so that the concentration in the air was unchanged by fluctu- 
ation in air supply. The Pressovac pump employed was capable of delivering 1,900 liters of air 
per hour, and this could be reduced by throttling the intake. 

Two exposure chambers were used in our studies. One was an ordinary 25 cm. desiccator, 
equipped with an inlet reaching to the bottom and with an outlet at the top. The experimental 
animals were placed on the perforated plate. All mouse exposures and most of the rat ex- 
posures were carried out with this chamber. Rates of flow varied from approximately 600 to 
1,900 liters per hour. Since the volume of the chamber was 8 liters, turnover times varied from 
50 to 15 seconds. Experiments independently carried out showed that nickel carbonyl in air 
at room temperature decomposed by not more than 5% in 50 seconds. A larger chamber was 


needed for cat exposures, and a glass box, 45 by 60 by 45 cm., was used initially. The turnover 
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time in this chamber was approximately four minutes. It was first thought that this time was 
short enough to ensure stability of the nickel carbonyl, but tests later showed that as much as 
30% of the material was decomposed on passage through the chamber. Previous exposures in 
the large chamber were corrected for decomposition, and the volume of the chamber was re- 
duced to eliminate the need for such a correction in future exposures. 


Acute and Subacute Toxicity.—In this paper acute toxicity refers to the effects 
resulting from a single exposure of 30 minutes to nickel carbonyl, whereas subacute 
toxicity refers to repeated exposures of 30 minutes each at periods a few days apart 
over several weeks. It might be noted that one cat received six exposures at 
intervals during the course of four months. 

Measurements of L.D.59 were made for mice and rats, utilizing the probit 
method of Miller and Tainter.* An insufficient number of cats was exposed to 
establish a good dosage-probit curve. However, the L.D.59 was determined with 
fair precision by simple inspection of the data. After exposure, the experimental 
animals were returned to their conventional type cages, and only food and water 
were made available while awaiting the results of the experiment. In the animals 
that succumbed, death usually occurred two to three days after exposure. 


TasLe 2.—Estimation of L.D.so for Mice Exposed to Nickel Carbonyl for Thirty Minutes 


Animals 

Dose, Mg. per Liter Exposed Dead Probit 
12 0 (2.98) 
10 3 4.48 
22 12 5.11 
10 10 (6.96) 


In certain of the studies of both acute and subacute toxicity on rats and cats, 
determinations were made of the concentrations of hemoglobin and its derivatives, 
erythrocyte and leucocyte counts, clotting time, prothrombin time, and hematocrit 
measurements. Prothrombin time was estimated by Quick’s method.'? Spectro- 
photometric curves were obtained on hemoglobin derivatives by means of a model 
DU Beckman instrument. 


RESULTS 

L.D.59 for Mice, Rats, and Cats —L.D.59 for Mice: The data for mice are 
summarized in Table 2. 

Intersection of the curve with Probit 5 indicates that the L.D.59 is 0.067 mg. per 
liter (S.E. +0.003 mg. per liter) for mice exposed for a period of 30 minutes. Our 
value of 0.067 mg. per liter for 30 minutes of exposure is in reasonable accord with 
Garland’s * semiquantitative value of 0.1 mg. per liter for a 10-minute exposure. 

L.D.59 for Rats: The data for rats presented in Table 3 show that the L.D.50 is 
0.24 mg. per liter for a 30-minute exposure. This value can be compared with 


11. Miller, L. C., and Tainter, M. L.: Estimation of the EDs. and Its Error by Means of 
Logarithmic-Probit Graph Paper, Proc. Soc. Exper. Biol. & Med. 57:261-264, 1944. 
12. Quick, A. J.: Nature of Bleeding in Jaundice, J. A. M. A. 110:1658-1662, 1938. 
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the value of 0.4 mg. per liter which we obtained by a similar analysis of the data 
of Barnes and Denz (Table 1). 

In our experiments with mice and rats, the exposed animals were returned to 
their cages immediately after exposure and were allowed to stay there undis- 
turbed until death or complete recovery occurred. Later experiments were carried 
out to obtain urine from exposed animals for analysis. One group of six rats were 
exposed to nickel carbonyl and urine collections were made twice daily thereafter, 
using Sunderman’s technique.** All of these animals died—one on the first night, 
four on the second night, and the sixth on the fourth night. Since the death of only 
about two of the six rats would have normally been expected, it is believed that the 
manipulations following exposure were responsible for the increased mortality. 
These observations were therefore not utilized in the determination of the L.D.s0 
for rats. 


TasLe 3.—Estimation of L.D.so for Rats Exposed to Nickel Carbonyl Vapor for Thirty Minutes 


Animals 


Exposed Dead Probit 
6 (3.27) 
18 ¢ 5.00 
21 5.88 
18 5 5.97 


12 y (6.75) 


Tas_eE 4.—E-xposure of Cats to Nickel Carbonyl Vapor for Thirty Minutes 


Animals Time of 
Dose, Mg. per Liter Exposed Dead Exposure, Hr. 


216 
96, 56, 142 
96, 36, 72 


40 


L.D.59 for Cats: The technique used for exposing cats was similar to that 
described previously for mice and rats, excepting that the larger exposure chamber 
was used. Time and facilities did not permit the use of enough cats to obtain the 
data for a complete dosage-probit curve, but it is believed that the data given in 
Table 4 permit the choice of an L.D.59 with sufficient precision. 

Inspection of the data summarized in Table 4 shows that only one animal died 
after receiving an exposure of less than 2.00 mg. per liter for 30 minutes. Since 
three animals out of three died after an exposure to 2.00 mg. per liter for 30 minutes 
and all three cats receiving 2.11 mg. per liter died, it is concluded that the L.D.59 for 
cats must be less than 2.00 mg. per liter. However, both cats exposed to 1.94 mg. per 
liter survived; hence the L.D.59 cannot be much below this figure. A value of 1.9 
mg. per liter for a 30-minute exposure is a reasonable choice. 

13. Sunderman, F. W.: Method of Collecting Albino Rat Urine, Am. J. Clin. Path., Tech. 
Sect. 9:11-12, 1945. 
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Subacute Toxicity—lIt is desirable to ascertain whether nickel carbonyl is 
cumulative under conditions of repeated exposure over periods of a few weeks. The 
only study of the subacute toxicity of nickel carbonyl published in the literature 
is that by Garland.’ In a preliminary study she found that nickel carbonyl is not 
cumulative and, indeed, that small initial doses build up a tolerance so that doses 
can be tolerated which would be expected to be lethal if given initially. 


Experiments carried out with mice confirmed Garland’s findings. A group of 
five mice was subjected to 10 exposures lasting 30 minutes and covering a period 


TABLE 5.—Multiple Exposures of Mice to Nickel Carbonyl* 


Time 

Between Total 

Dose, Mg. Exposure, Time, 

Exposure per Liter Days Days 

0.016 

0.022 7 
0.028 5 12 
0.0388 2 14 
0.055 2 16 
0.071 3 19 
0.068 qd 23 
0.118 q 27 
0.17 3 30 
0.19 18 48 


* All exposures were for 30 minutes. Five mice were used, and all survived until after the 10th exposure 
when two died. 


TABLE 6.—Multiple Exposures of Rats to Nickel Carbonyl* 


Time 

Between Total 

Dose, Mg. Exposure, Time, 

Exposure per Liter Days Days 
0.083 
0.14 2 2 
0.20 4 6 
0.20 3 9 
0.40 3 12 
0.40 3 15 
0.44 4 19 
0.51 26 
9.52 14 40 
0.54 8 48 


* All exposures were for 30 minutes. One rat out of the group of six died following the 9th exposure; 
all others survived. 
of 48 days. The initial exposure was 0.016 mg. per liter, increasing to 0.19 mg. for 
the last exposure (Table 5). No deaths occurred until after the 10th exposure, 
although the 6th and 7th exposures were equal to the L.D.59 for mice without 
previous exposure and the 10th exposure was almost three times this value. The 
total accumulated exposure was equivalent to 0.76 mg. per liter for 30 minutes, 
approximately 12 times the L.D.59 for mice without previous exposure. 

Additional experiments on subacute toxicity (Table 6) carried out with rats led 
to results similar to those obtained for mice. 


Experiments were also carried out with a single cat (Table 7). The cat became 
noticeably ill after the first exposure, but no symptoms could be observed after the 
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other exposures, in spite of the fact that the sixth was equal to the L.D.59 for cats 
without previous exposure. Severe illness, with an even chance for death, would be 
expected if this dose were administered to a cat having no previous history of 
exposure. 

These results confirm and extend Garland’s preliminary findings that exposure 
to nickel carbonyl produces a tolerance to it. It is noteworthy that the deaths of 
mice and rats occurred when the time between exposures was two weeks or more 
(Tables 5 and 6). It is, therefore, inferred that the increased tolerance resulting 
from repeated exposures to Ni(CO), is of relatively short duration. 

Studies on the Blood of Animals Exposed to Nickel Carbonyl—Carboxyhemo- 
globin: It has long been known * that the toxic action of nickel carbonyl is not 
due primarily to its carbon monoxide content but rather to nickel carbonyl itself 
or to residues resulting from its decomposition. Nevertheless, it was deemed desir- 
able to obtain CO hemoglobin determinations on experimental animals subjected 
to exposures equal to or exceeding their L.D.59. The method of Scholander and 
Roughton '* was employed for estimating the CO concentration in the blood. The 
blood samples were collected under oil by cardiac puncture. Control experiments 


TaBL_e 7.—Multiple Exposures of a Cat to Nickel Carbonyl* 


Total Time 
Dose, Mg. After First 
Exposure per Liter Exposure, Days 


0.50 ee 
0.64 37 
1.60 67 
1.68 81 
1.24 111 


1.95 125 


* All exposures were for 30 minutes. 


carried out with unexposed animals gave blanks averaging about 1% and never 
exceeding 2.5% saturation. Rats were used for all experiments. 

In one experiment, 5% saturation was found in a sample obtained only about 
30 seconds after a 10-minute exposure to a concentration of 3 mg. of nickel carbonyl 
per liter, or about 4 times the L.D.59 for acute exposure. The two control animals 
died within two days. In other experiments no CO hemoglobin was found 30 
minutes or more after a 30-minute exposure to a concentration of 1.1 mg. per liter. 
These findings support the belief that carboxyhemoglobin plays a minor role in the 
production of the symptoms resulting from nickel carbonyl exposure. Furthermore, 
the concentrations of carboxyhemoglobin observed are much less than those which 
would be expected if the carbon monoxide in the nickel carbonyl behaved like 
uncombined carbon monoxide." 


14. Scholander, P. F., and Roughton, F. J. W.: Simple Micro-Gasometric Method of Esti- 
mating Carbon Monoxide in Blood, J. Indust. Hyg. & Toxicol. 24:218-221, 1942. 

15. In both cases, 15 to 20% saturation should have been observed according to data ob- 
tained with human subjects (Industrial Hygiene and Toxicology, edited by F. A. Patty, New 
York, Interscience Publishers, Inc., 1949, Chap. 19) if the carbon monoxide had behaved as 
though it were uncombined. In practice, the absorption rate for rats is probably much greater 


(Footnote continued on neat page) 
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Coagulation: Early in the work with nickel carbonyl it was observed that it 
was much more difficult to withdraw blood from animals suffering from exposure 
than from controls, and it was suspected that this might be due to a decrease in the 
clotting time.17 A group of six rats exposed to 0.27 mg. per liter for 30 minutes 
was found to have clotting times entirely within the normal range of values when 
examined two to four hours after exposure and at daily intervals thereafter for a 
period of four days. It is concluded that clotting time is not affected by exposure. 

Prothrombin: Since the prothrombin time is intimately connected with the 
clotting mechanism, prothrombin times were measured in rats exposed to nickel 
carbonyl. Preliminary experiments with rats served to establish the technique. 
Final experiments were conducted with cats. Three cats subjected to a concentra- 
tion of 1.24 mg. per liter for 30 minutes showed no change in prothrombin time, 
as compared either with three controls or with their own prothrombin times prior 
to exposure. 

Platelets: It has been shown '* that the blood platelet count increases sharply 
after exposure to toxic fumes (such as nitric oxide or phosgene) which pro- 
duce pulmonary edema. Since nickel carbonyl produces pulmonary edema in 
experimental animals, a study was made of the blood platelets before and after 
exposure. No significant change in the number ot blood platelets was observed 
following exposure. 

Blood Counts: Erythrocyte and leucocyte counts and estimations of hema- 
tocrit percentage and hemoglobin concentrations were obtained in experimental 
animals before and after exposure. Experiments with rats showed that there were 
substantial increases in hemoglobin amounting to about 50% above normal at the 
levels of exposure to nickel carbonyl studied (one-third to three times the L.D.50 
for rats). The erythrocyte counts were closely correlated with the hemoglobin 
measurements. There did not appear to be a definite correlation of the level of 
exposure with the increase of the hemoglobin concentration. A slight leucocytosis 
was observed on the second and third days following exposure. 


Abnormal Hemoglobin Pigments: Blood samples taken from cats exposed to 
nickel carbonyl were examined for the presence of sulfhemoglobin and methemo- 
globin. None of these pigments or any other hemoglobin derivatives were found 
on spectroscopic analysis of the blood of exposed rats obtained one hour to one 
week following exposure. 
than for humans. Our own experiments show that the elimination rate of CO hemoglobin by 
rats is approximately 10 times greater than that for humans. This difference is presumed to 
be due to the greater ventilation rate for rats, which would also lead us to expect increased 
absorption rates. The fact that CO hemoglobin in rats drops to approximately one-fourth its 
initial value after 30 minutes in fresh air may account for the low value obtained 30 minutes after 
exposure but not for the value of 5% saturation obtained immediately after a 10-minute exposure 
to 3 mg. of nickel carbonyl per liter. 


16. Footnote deleted. 


17. Patek, A. J., Jr., and Stetson, R. P.: Hemophilia: Abnormal Coagulation of Blood and 
Its Relation to Blood Platelets, J. Clin. Invest. 15:531-542, 1936. 


18. Fleming, A. J.: Method for Handling Cases Gassed with Nitrous Fumes, Including 


Diagnostic and Prognostic Value of Blood Platelet Counts in Assessing Pulmonary Irritation, 
Indust. Med. 12:127-132, 1943. 
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A survey of the hematologic studies indicated that, with the exception of 
moderate hemoconcentration and a slight leucocytosis, there were no other signifi- 
cant changes following exposure. 

Nickel Analyses—Early in the program attempts were made to correlate the 
concentration of nickel in the urine and the nickel carbonyl exposure, with the 
objective of establishing a method of diagnosis. Unfortunately, the development 
of the required analytical method proved to be difficult, owing to the small size of 
the samples available from the rats being used as experimental animals. Attention 
was then turned toward the study of the nickel content of urine of a group of 
persons, using the colorimetric method of analysis described by Alexander, Godar, 
and Linde.'® The normal range of values of nickel in urine was found to be from 
0.00 to 0.10 mg. per liter. In one case a person accidentally exposed to the vapor 
of nickel carbonyl yielded 19 mg. of nickel per liter of urine on the day following 
exposure. During this period, however, this person had received approximately 
10 mg. of dimercaprol per kilogram of body weight. 

Effect of Dimercaprol on Animals Exposed to Ni(CO)4.—British antilewisite, 
2,3-dimercaptopropanol, (usually called dimercaprol or BAL), developed during 


Control Animals Treated Animals 


Dose, Mg. per Liter Exposed Dead Exposed Dead 
9 t 0 

3 


9 


* All exposures were for 30 minutes. Treatment by intramuscular injection was as follows: day of 

exposure, 10 mg. of dimercaprol per kilogram of body weight in two doses (0.4 ml. of 0.40% solution of 
dimercaprol in corn oil); first day after exposure, 8 mg. of dimercaprol per kilogram in two doses; second 
day after exposure, 3.8 mg. of dimercaprol in two doses of 2.5 and 1.3 mg., and third day after exposure, 
one dose of 1.3 mg. per kilogram of body weight. 
World War II for the treatment of poisoning from nitrogen mustard, is known to 
combine with certain heavy metals to form stable, nontoxic complexes.*° Studies 
undertaken by Braun and associates *°” showed it to be effective against toxic doses 
of nickel salts administered by injection. A study was therefore made of the effect 
of dimercaprol administered to exposed animals. 

Rats were used for this study. Three groups receiving different exposures to 
Ni(CO)4 were each divided into two subgroups, one receiving dimercaprol and the 
other serving for control purposes. The results, summarized in Table 8, show that 
dimercaprol increased the L.D.59 of rats by a factor of approximately 2. 

The dosage of dimercaprol given to rats reported in Table 8 is within the range 
recommended for administration to humans by Eagle and co-workers.*' Experi- 

19. Alexander, O. R.; Godar, E. M., and Linde, N. J.: Spectrophotometric Determination 
of Traces of Nickel, Indust. & Engin. Chem., Anal. Ed. 18:206-208, 1946. 

20. (a) “BAL” (British Anti-Lewisite) in the Treatment of Arsenic and Mercury Poison- 
ing, Report of the Council on Pharmacy and Chemistry, J. A. M. A. 131:824, 1946. (b) Braun, 
H. A.; Lusky, L. M., and Calvery, H. O.: Efficacy of 2,3-Dimercaptopropanol (BAL) in 
Therapy of Poisoning by Compounds of Antimony, Bismuth, Chromium, Mercury and Nickel, 
J. Pharmacol. & Exper. Therap. (Supp.) 87:119-125, 1946. 

21. Council on Pharmacy and Chemistry.*°* Eagle, H., and Magnuson, H. J.: Systemic 
Treatment of 227 Cases of Arsenic Poisoning (Encephalitis, Dermatitis, Blood Dyscrasias, Jaun- 
dice, Fever) with 2,3-Dimercaptopropanol (BAL), Am. J. Syph. 30:420-441, 1946. 
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ments were also carried out with both larger and smaller doses of dimercaprol. 
Doses three times those for which results are given in Table 8 suggested that, while 
the L.D.59 was slightly increased, the treated animals that died did not live as long 
as did the controls. Since dosages one-half of those described in Table 8 appeared 
to be ineffective, the dosages shown in the Table appear to be about optimum. 


These findings are to be compared to those of Barnes and Denz,® which appeared 
after our own work with dimercaprol was completed. These investigators studied 
the use of dimercaprol for rats exposed to nickel carbonyl and concluded that 
prophylactic administration has some protective value but that therapeutic adminis- 
tration actually increases mortality. It should be noted that their dimercaprol dosage 
was 60 to 80 mg. per kilogram of body weight given in one or more doses covering 
a period of not more than four hours following exposure. This dosage is large in 
comparison with the dosages found by Eagle and Magnuson *' to produce toxic 
symptoms. Eagle and Magnuson concluded that doses of 2.5 mg. per kilogram 
could be employed every four hours with impunity and that doses of 4 mg. are 
feasible, although they may give rise to some symptoms. However, two-thirds of 
all subjects showed reaction with doses of 5 mg. per kilogram. We conclude that 
the diametrically opposed findings of Barnes and Denz and ourselves with respect 
to the therapeutic value of dimercaprol are due to the differing dosage levels 
employed. This point of view receives further support from a comparison of the 
Barnes and Denz data for rats and rabbits. Rabbits were treated with doses of 
30 mg. per kilogram given consecutively at 5, 20, 26, 44, and 50 hours after 
exposure. In contrast to the results noted with rats, the mortality of treated rabbits 
was less than that of the controls (although the difference was not statistically sig- 
nificant ). Our own findings, however, indicate the probability that even the dimer- 
caprol dosages which Barnes and Denz employed for rabbits are larger than 
optimum. 

Pathologic Changes Observed in Exposed Animals.—The most striking gross 
changes observed at necropsy in experimental animals exposed to nickel carbonyl 
vapors were those in the lungs. The lungs of the animals that died immediately 
aiter exposure showed a severe degree of congestion and pulmonary edema, whereas 
the lungs of animals that survived for one or more days after exposure usually 
showed an extensive pneumonitis. 

Histologic examinations were made on the organs of rats which had _ been 
exposed to concentrations of nickel carbonyl from 0.08 to 2.3 mg. per liter and 
which were either killed or died from effects of the exposure. The concentrations 
of the nickel carbonyl vapor and the time following exposure at which death 
occurred are given in Table 9. 

The changes observed in the organs of all these rats were similar ; however, the 
organs from Rat B, which had been exposed to a concentration of 2.3 mg. per liter 
for 30 minutes and which died 12 hours later, showed the changes to a most con- 
spicuous degree. The findings from this animal will be described briefly, since 
they are fairly typical of those observed in the other animals. 


Lung sections of Rat B showed interstitial pneumonitis, with areas of atelectasis 


and a few areas of early necrosis. Peribronchial consolidation was present around 
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the larger bronchi. Large amounts of a brownish-black pigment were present 
throughout the capillaries of the alveolar walls. The pigment was of an amorphous 
character and was located principally within phagocytic cells, although sharply 
delineated globules were also found. 

Striking changes were also observed in the liver of exposed animals. Degenera- 
tive changes occurred in all of the hepatic cells, the cells about the central vein 


TasL_e 9.—Rats Exposed to Ni(CO), Whose Organs Were Studied Histologically 


Concentra 
tion, Mg Exposure Time of 
Animal per Liter Time, Min. Death, Hr Remarks 
0.08 30 144 Killed 
Rat B... PF 2.3 30 12 
Rat C... yer 2.3 41 41 min 
Rat D. sivedses 0.35 30 15 min 


Died from effects of exposure 
Died in chamber during exposure 
Killed 15 minutes after exposure 


8 


8 


2 


AVERAGE BODY MASS IN KG 


Fig. 2.—Relationship between the L.D.se and the size of three experimental animals. 


showing almost complete necrosis ; toward the periphery of the lobules, the degen- 
erative changes were less marked. Extensive deposits of the brownish-black pig- 
ment observed in the lungs were also found throughout the liver. 

Sections of the spleen showed the presence of large amounts of pigment, areas 
of focal necrosis, and degeneration of the reticulum. Large numbers of megakaryo- 
cytes were observed. 

Degeneration of the tubular epithelium and, to a less extent, of the glomer- 
ular tufts occurred in the kidneys. The cells in the vessels lacked their normally 
clear definition and were agglutinated into amorphous masses. Scattered through- 
out these masses were nucleated red cells and pigment. 

In the pancreas both the acinar cells and islets of Langerhans revealed degenera- 
tive changes. In the islet cells there was infiltration, with inflammatory cells that 
were predominantly eosinophiles. 


Sections of the heart muscle were essentially normal. 
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COMMENT ON DATA FOR MICE, RATS, AND CATS 

The large differences in sensitivity to nickel carbonyl of mice, rats, and cats 
were totally unexpected. Since the L.D.50 increases sharply with the increasing 
size of the experimental animal, it might be concluded that man, being much larger 
than any of the species used, would be comparatively insensitive to the material. 
In view of its importance, an effort was made to find an equation relating the 
L..D.59 for nickel carbonyl to the size or to some other characteristic of the experi- 
mental animal. Figure 2 shows a plot on a log-log scale of the L.D.59 versus the 
average size of the experimental animal involved. The data lead to the relationship 


L..D.59 = 0.009 (body mass )* 


where the L.D.59 is the concentration in milligrams of nickel carbonyl per liter of 
air for a 30-minute exposure and the body mass is expressed in grams. While the 
equation accurately fits the limited data available, many more points would be 
required to assess the generality of the relationship and to fix accurately the 
coefficient and exponent. A similar equation with an exponent of 0.6 is found to 
represent the variation of oxygen requirement (per unit of mass) for warm-blooded 
animals versus the mass of the animal. It is thus known that air is inhaled at a 
faster rate (per unit of mass) by small animals than by larger animals, and this 
will necessarily lead to a higher toxicity for inhalation poisons for small animals 
than for larger ones. 

It is of interest to note that an extrapolation of Figure 2 leads to an L.D.59 of 
15 mg. per liter for man, assuming a mass of 70 kilograms. This extremely high 
value for the acute toxicity of nickel carbonyl for man obviously cannot be accepted 
without confirmation. The result does, however, differ so greatly from the L.D.5 
of nickel carbonyl for mice and rats as to emphasize the necessity of further studies 
before reliable extrapolation for man can be made from experimental data on inhala- 
tion poisons obtained with small experimental animals. 


SUMMARY 


In anticipation of the increased industrial use of nickel carbonyl, an investigation 
of its hazards was undertaken. 

The L.D.59 for acute exposure was determined for mice, rats, and cats. The 
values for each of these species after 30-minute exposures are 0.067, 0.24, and 1.9 
mg. per liter, respectively. These findings suggest that the values for L.D.59 are 
directly proportional to the 74 power of the body masses of the three species studied. 

Studies of subacute toxicity indicated that the material is not cumulative over 
a period of a few weeks and that tolerance develops after exposures to sublethal 
concentrations. 

Therapeutic administration of dimercaprol (BAL) to rats exposed to nickel 
carbonyl increases their tolerance to nickel carbonyl by a factor of 2. 

In humans exposed to nickel carbonyl the amount of nickel excreted in urine 
is above normal. 


Dr. J. F. Woodman, Dr. E. L. Stanley, Mr. Kenneth West, and Dr. Neil Williams assisted 
with this study. 
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PHYSICAL MEDICINE AND REHABILITATION AS RELATED 
TO INDUSTRIAL HEALTH 


FRANK H. KRUSEN, M.D. 
ROCHESTER, MINN. 


HE REPORT to the nation on America’s health’ by the National Health 

Assembly has declared, “Physical restoration is the largest missing link in 
the treatment of the industrially injured.” Here is something to think about. How 
can we forge this missing link? How can we provide for suitable physical rehabili- 
tation of the disabled worker? “First,” says the Health Resources Advisory Com- 
mittee? “we must have good in-plant health programs with management-labor 
interest and support, and these in-plant programs must utilize also community 
health projects; secondly, one of these community health projects should be an 
industrially supported center of physical medicine and rehabilitation.” Carlisle and 
McMorris* have said that a program in physical medicine and rehabilitation 
“greatly extends and reinforces the armamentarium of the industrial physician” 
in providing such physical restoration. 

The purpose of this presentation then will be to indicate that it is essential to 
establish in each industrial community a center of physical medicine and rehabilita- 
tion, affiliated with a community hospital, in which a team of workers led by a 
physician can provide facilities for physical, psychologic, and social rehabilitation 
of persons disabled in industry. 

DEFINITIONS 


Industrial health may be defined as the management of the health of the indus- 
trial worker, including proper job placement and appraisal of physical limitations, 
maintenance of health and employability by periodic and postillness examinations, 
treatment of occupational illnesses and injuries, referral for care of minor non- 
occupational illnesses to keep the worker on the job, control of industrial hazards 


to health, and the rehabilitation, testing, and placement of seriously disabled 
workers. 


From the Section of Physical Medicine and Rehabilitation, Mayo Clinic. 

This paper was read at the Conference on Industrial Rehabilitation, presented jointly by 
the Wisconsin State Medical Association, Milwaukee County Medical Society, Wisconsin State 
Office of Vocational Rehabilitation, and the Industrial Nurses Section of the Wisconsin State 
Nurses Association, Milwaukee, March 12, 1953. 

1. National Health Assembly: A Study of the Incidence and Costs of Industrial Injuries, 
3oston, 1950, privately printed. 

2. Health Resources Advisory Committee: The Worker and His Health, U. S. Office of 
Defense Mobilization, 1952. 

3. Carlisle, J. M., and McMorris, R. O.: Physical Medicine in Industry, Arch. Phys. Med. 
26 : 353-358 (June) 1945. 
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Physical medicine has been defined as the employment of various physical 
agents and devices, therapeutic exercises, corrective procedures, occupational 
therapy, and physical rehabilitation in the diagnosis and treatment of diseases and 
injuries. Gen. Paul R. Hawley * has spoken as follows of this employment: 

Formerly the objective of physical medicine was limited to the restoration of function of 
injured parts. The experience of the war showed that usually the whole man is affected adversely 
when one part of his body is disabled for more than a brief period. This adverse effect often 
is mental as well as physical. Consequently, the field of physical medicine was expanded into 
rehabilitation. H. E. Griffiths has stated that “rehabilitation is treatment, but it is not the 
treatment of disease or injury but the treatment of the individual suffering from the disease 
or injury. 

Thus, physical medicine and rehabilitation have become inextricably conjoined 
under the guidance of the new specialty of physical medicine and rehabilitation ; 
this branch now has its own specialty board, its own council in the American 
Medical Association (just as does industrial health), and its own section in the 
Scientific Assembly of the American Medical Association. 

Rehabilitation has been defined as the restoration through personal health 
services of handicapped persons to the fullest physical, mental, social, and economic 
usefulness of which they are capable; the personal health services include both 
ordinary treatment and treatment in special rehabilitation centers. Henry Kessler,* 
one of the great medical leaders in rehabilitation of the disabled, has said: 

Rehabilitation has acquired new connotations growing out of civilian and military experience. 
It has come to be regarded as a creative process in which the remaining physical and mental 
capacities of the physically handicapped are utilized and developed to their highest efficiency. 
It is an organized and systematic method by which the physical, mental, and vocational powers 
of the individual are improved to the point where he can compete with equal opportunity with 
the so-called nonhandicapped. 

Even some of our keenest observers have not fully understood the implications 
of modern rehabilitation; then they have suddenly come to the realization of the 
manner in which disabled workers are now being restored to suitable vocations. 
Thus, for example, David Hinshaw ® stated that he had closely followed the work 
of one such center of physical medicine and rehabilitation, and yet, as he said, he 
“had missed the emergence through it of the miracle of the composite science of 
rehabilitation.” “Suddenly,” Hinshaw continued, “I realized that its staff was 
using medicine and surgery, therapy, psychology and psychiatry, patience, kind- 
ness, friendly understanding, and vocational training in their efforts to help the 
physically handicapped re-educate themselves, to live and work and love by enlist- 
ing their minds, hearts, and bodies.” 


Miss Mary E. Switzer,’ Director of the Office of Vocational Rehabilitation in 
the Federal Government, has said, “Rehabilitation is a bridge spanning the gap 
between uselessness and usefulness, between hopelessness and hopefulness, between 
despair and happiness.” 


4. Hawley, P. R.: Physical Medicine and Occupational Therapy for the Wounded, in 
sritannica Book of the Year 1945, Chicago, Encyclopedia Britannica, Inc., 1946, pp. 578-580. 

5. Kessler, H. H.: Rehabilitation of the Physically Handicapped, New York, Columbia 
University Press, 1947. 

6. Hinshaw, D.: Take up Thy Bed and Walk, New York, G. P. Putnam’s Sons, 1948. 

7. Switzer, M. E.: Disability and Rehabilitation, Acuff Clin. Bull. 2:3-5 (April) 1951. 
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And our great and public-spirited philanthropist, Bernard M. Baruch,* who has 
given millions of dollars of his personal fortune to aid in the rehabilitation of the 
disabled, has said, “The investment in rehabilitation is an investment in the greatest 
and most valuable of our possessions, the conservation of human resources.” 


DISEASES OR INJURIES REQUIRING REHABILITATION 


Among the diseases and injuries which I should like to discuss as possible indi- 
cations for the employment of physical, mental, and social rehabilitation are back 
injuries, cardiac diseases, arthritis, certain chronic illnesses, and problems of 
senescence and senility. 


Back Injuries—My associate, Gordon Martin,’ has pointed out the following: 


No longer can one consider diathermy or a whirlpool bath, used for 20 to 30 minutes three 
times weekly, to constitute even basic physical therapy. The aim of the physical medicine and 
rehabilitation program is to hasten restoration of function of involved parts. Thus, joints must 
be mobilized or their stiffness reduced; muscular strength must be improved; coordination, 
speed of movement, and endurance must be augmented. . . . Several hours daily should be 
devoted to the physical rehabilitation program of most patients. 


Thus, Barton *° concluded that for back pain the most important step in treat- 


ment “‘was the use of graded exercise through carefully selected work wherever 
possible.” And Loopesko'™ has said that in industrial injury of intervertebral 
disks ‘‘exercises and back manipulations will give as good or better over-all results 
than other methods of conservative treatment.” Furthermore, Robertson ** con- 


cluded that following operation for herniated disks stiffness “is overcome by 
continued activity and graduated exercises.”” Undoubtedly, in my opinion, a well- 
organized center of physical medicine and rehabilitation can provide the best 
facilities for the conservative or postoperative management of injuries of the back. 

Cardiac Disease-—The American Heart Association’* has reported that “a 
large proportion of patients with rheumatic, congenital, hypertensive, and arterio- 
sclerotic heart disease can and do work successfully,” that “under no circumstances 
should the patient be told that he can never again do regular work,” and that 
although the young patient having cardiac disease usually can cope with changes 
in his environment, “drastic reorganization of the life of an elderly cardiac is 
emotionally undesirable; return to the same job on a limited basis is preferable to 
a marked change in occupation or attempts to learn a new skill.” The final con- 
clusion was as follows: 


8. Baruch, B. M.: Introduction, in Rusk, H. A., and Taylor, E. J.: New Hope for the 
Handicapped, New York, Harper & Brothers, 1949. 


9. Martin, G. M.: Importance of Physical Medicine and Rehabilitation for the Industrially 
Injured, J. Michigan M. Soc. 50:730-735 (July) 1951. 

10. Barton, P. N.: Analysis of Fifty Cases of Back Pain, Indust. Med. 18:391-393 (Sept.) 
1949, 

11. Loopesko, E.: The Conservative Treatment of Industrial Intervertebral Disk Injuries, 
Indust. Med. 18:457-461 (Nov.) 1949. 

12. Robertson, R. C. L.: Ruptured Intervertebral Disc in Industry, South. M. J. 42:891-895 
(Oct.) 1949. 

13. Returning Cardiacs to Work: A Guide for Private Physicians, New York, American 
Heart Association, Oct., 1952. 
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Most physicians are keenly aware that the patient’s economic and emotional adjustment to 
his physical condition are closely related to the medical aspects. And physicians agree that 
their own greatest satisfaction in a job well done comes when they know that the patient is 
restored as nearly as possible to economic independence and enjoyable activity. 


This reference initiates a theme to which I shall return again and again and 
which is the very essence of modern physical medicine and rehabilitation. This 
theme is that the patient’s economic relationship and emotional adjustment to his 
physical condition are closely related to the medical aspects. Industrial physicians 
and nurses should never forget the close relationship between the physical, psycho- 
logic, and sociologic aspects of industrial disease and injury. 

The American Heart Association '* has also reported that, “when properly 
placed, persons with heart disease are loyal, capable, efficient, and reliable workers.” 
And the General Manager of Lockheed Aircraft Corporation has said: 

Industry today is hiring more and more handicapped workers. Many are cardiacs. Employers 
who know the facts about persons with heart disease and who apply proper placement are 


making intelligent use of this available work force. . . . Placed at a job within their capacity, 
they create no undue liability or safety risk. 


Arthritis —At a conference for industrial physicians on how to keep arthritic 
employees at work,'® which was held recently at the New York Academy of Medi- 
cine, Lowman discussed the most important factors in determining the employ- 
ability of patients having rheumatoid arthritis. He said that these factors included 
the following: the degree of activity of the disease; the patient’s tolerance for 
medications such as cortisone, corticotropin, and gold; the extent of joint degenera- 
tion and deformity, and the patient’s psychologic stability, social and economic 
assets, and vocational aptitudes. Lowman concluded that the last group of factors 
are as important as the disease itself. Here again we find the emphasis on psycho- 
logic and sociologic problems as related to the physical disease. 


At this same conference Henry Viscari Jr., in discussing the rehabilitation of 
arthritics, said, “To bring a patient to the point of employability, he needs the 
thoroughly integrated work of physicians, psychologists, occupational therapists, 
and social workers.” The employment of such a person requires an equally inte- 
grated approach on the part of the industrial physician, industrial nurse, employ- 


ment manager, safety engineer, method engineer, and foreman. 


Chronic Illness and Aging—Because our American population is a rapidly 
aging one, the problems of chronic illness, senescence, and senility among industrial 
workers are growing enormously. Recently Dr. Louis Bauer, president of the 
American Medical Association during 1952-1953, outlined a constructive nine-point 
program '* for “The Preservation of Our American System of Medicine.” Two 
points were concerned with chronic invalidism and aging. He urged the develop- 
ment of plans for the care of the chronic invalid and the expansion of voluntary 
insurance programs to cover those more than 65 years of age and those suffering 
from illness of long duration. We must concern ourselves particularly then with 
chronic invalidism and with aging. 


14. These Hands Are Able, New York, American Heart Association, Sept., 1952. 

15. News Letter, Arthritis and Rheumatism Foundation, New York, Feb. 24, 1953. 

16. Lull, G. F.: Secretary’s Letter, 242, American Medical Association, Chicago, Jan. 2, 
1953, p. 1. 
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Health officers are recognizing this fact. Recently Dr. Robert Barr,’* of the 
Minnesota Department of Health, pointed out that in 1900 the percentage of the 
total population of Minnesota more than 65 years of age was 3.8%, whereas in 1950 
it had increased to 8.7%. Thus the proportion of persons over 65 has more than 
doubled in 50 years. Barr added, “It is estimated that this proportion may again 
be doubled in another 25 years.” He continued there was need to provide services 
for “early recognition of the disabling diseases and adequate rehabilitation. 
This includes physicians trained in physical medicine and rehabilitation, ortho- 
pedics, and related fields, as well as the necessary therapists.’ Concerning the 
“pertinent health problems of the people of Minnesota,” Barr concluded, “Cer- 
tainly, the care of the chronically ill and the aged with their associated disabilities 
and the provision of rehabilitation services should receive first consideration.” 
Such conclusions apply equally to all the other states of the Union. 

The development of programs of rehabilitation is primarily a teaching effort, 
and our medical institutions now must vastly increase their training programs so 
that an adequate supply of medical specialists in physical medicine and rehabilita- 
tion (now called physiatrists), psychiatrists specially trained in the problems of 
the disabled, orthopedists, industrial physicians, industrial nurses, physical thera- 
pists, and occupational therapists as well as social workers, psychologists, and voca- 
tional counselors can be provided to staff the ever-increasing number of rehabilita- 
tion centers.'* Only then will it be possible for us to provide adequate facilities 
for rehabilitation of handicapped workers. 

I believe that industrial physicians, industrial nurses, and rehabilitation workers 
should be urging employers to revise the common practice of retirement at the age 
of 65. The Health Resources Advisory Committee '* issued the following statement 
recently : 

Stripped of erroneous impressions, employment of the older worker actually represents the 
reaping of maturity’s harvest. In the older-worker group there is a reservoir of training, 
experience, and judgment on which industry and the community can draw to mutual benefit. 
Industry can help to utilize this growing source of man power through improved job analysis, 
counselling, and selective placement procedures, matching the job requirements to the physical, 
mental, and emotional capacities of the older worker. Through preventive services in in-plant 
health programs, the health and productivity of the older-worker group, a growing segment 
of the gainfully-employed population, can be effectively maintained. 


And | might add that, through effective utilization of community rehabilitation 
projects, productivity of the older-worker group can often be maintained and 
assisted. 

THE NEW CONCEPT—TREATING THE “WHOLE MAN” 

Up until 1900, industrial physicians and nurses, and indeed all health workers, 
were concerned chiefly with the causes, diagnosis, and cure of disease. Efforts in 
this direction since then have been so outstandingly successful that we have extended 
the life span of the average person from 49 years in 1900 to approximately 70 


years today. During the past 50 years extraordinary progress has been made in 


17. Barr, R. N.: The Responsibility of the Practicing Physician and Health Department 
in the Care of the Aged, Minnesota Med. 36:137-141 (Feb.) 1953. 

18. Krusen, F. H.: Physical Medicine and Rehabilitation for the Handicapped Worker 
Over Forty: A Retrospect, Arch. Phys. Med. 33:93-99 (Feb.) 1952. 

19. Health Resources Advisory Committee: Production at Any Age, U. S. Office of Defense 
Mobilization. 
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reducing mortality in our country. A number of infectious diseases, such as typhoid 
and the principal communicable diseases of childhood, have been all but wiped 
out as causes of death. The death rate from tuberculosis has been cut by about 
90%, and the record for pneumonia is almost as impressive.?° 

As a result of these improvements in the prevention and cure of disease, we 
have developed a wholly new group of problems in the field of industrial health. 
Because of our success in postponing death, we are faced with the necessity for 
management of an ever-increasing number of chronic illnesses and serious disabili- 
ties. We have saved many chronically ill and seriously injured persons from 
death, but there can be worse things than death. It may be much more humane for 
the industrial physician or nurse to help a worker in finding limited employment, 
which will save him from years of dependency, than save his life. Now we must 
continue not only to add years to life but also to add life to years! 

To restore a disabled worker physically and mentally so that he can return to 
self-respecting employment is a medical and nursing responsibility of the utmost 
importance. The answer, in my opinion, lies in organizing more centers of physical 
medicine and rehabilitation, affiliated with and attached to community general 
hospitals, to which the industrial physician can refer patients for rehabilitation at 
the earliest possible moment. Such centers should have beds of the domiciliary 
type to which the chronically ill or disabled patient can be transferred as soon as 
his acute illness or injury has been dealt with. When he is transferred to this 
center, he should be provided with a dynamic and active program of rehabilitation 
which will restore him to the fullest possible productivity and usefulness in the 
shortest possible time. 


In July, 1952, I attended an international congress in London at which physi- 
cians from 22 nations participated in a symposium on rehabilitation and resettle- 
ment. It was the consensus of the speakers that the program in physical medicine 
and rehabilitation has become established as a new medical discipline which aims 
at the restoration of the physically handicapped person to normal life. It was 
concluded that both industrial physicians and employers should avoid an attitude 
of hopelessness or passive acceptance in the face of chronic illness or disability and 
that a dynamic approach to chronic illness frequently results in restoration of the 
chronically ill or disabled worker to a fair measure of self-sufficiency, self-respect, 
and happiness. 

An attempt should be made to return the handicapped employee to a normal 
living and working environment or to the most suitable alternate conditions pos- 
sible. Again the psychologic and the social as well as the physical problems of 
rehabilitation were stressed. 

In his current report, Chester I. Barnard, President of the Rockefeller Founda- 
tion, has commented as follows: 

The old idea that biophysics and biochemistry would eventually unravel all the problems 
of health and disease is less tenable today than was the case 40 or 50 years ago. There is a 


growing realization that inter-related social factors outside of the physics and chemistry of the 
body are also involved. 


20. Krusen, F. H.: A New Concept in Physical Medicine and Rehabilitation: Treating 
the “Whole Man,” Hospitals 27:59-60 (Jan.) 1953. 
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Barnard thought that “biosocial medicine may become an indispensable part of the 
school curriculum,” and he added, “We may expect medical schools then to intro- 
duce students to the practice of community medicine, with an emphasis on the 
‘social diagnosis’ comparable to that on physical diagnosis.” 

Physicians, nurses, and other persons interested in industrial health should be 
giving ever-increasing consideration to the new philosophy of treating each patient 
“as a whole” and to the importance of considering not only the physical but also 
the psychologic and social aspects of the illness of every patient. According to 
Dr. Lester Evans, we should be getting away from the traditional practice of devel- 
oping along the patterns of various services—internal medicine, surgery, pediatrics, 
gynecology, ophthalmology, neurology, and so on, because it is this practice which 
makes it difficult for us to view the patient as a total person. One partial solution 
of the problem posed by Dr. Evans is to provide frequent conferences of groups 
of specialists and ancillary workers who can deal as a group with the individual 
problems of each disabled person. Kessler ® has said that many minds and skills 
meet on the rehabilitation team which, under the leadership of a medical director, 
should consist of physicians, nurses, therapists, and counselors. 

From all over the world we are hearing the cry concerning this broad approach. 
From South Africa, an industrial physician, Woolff,2! made the same plea when 
he commented as follows on the need for treating the “whole man”: 

Associated with physical injury are psychological disturbances having their origin in the 
fears and apprehensions regarding security of employment, economic difficulties affecting the 
family, and the possibility of permanent disability. Psychological factors are present in varying 
degrees, but if not recognized and treated, [they] militate against recovery. 


NEED FOR WELL-ORGANIZED CENTERS OF PHYSICAL MEDICINE AND REHABILITATION 
ATTACHED TO COMMUNITY HOSPITALS 


The plea for having well-organized centers of physical medicine and rehabilita- 
tion attached to community hospitals comes also from England. Plewes and his 


associates ** concluded their plea with these words: 


Group industrial rehabilitation centers should be based on up-to-date and well-staffed 
hospitals where facilities for diagnosis and controlled surgical treatment are present. 
Attached to the hospital there should be a remedial workshop with facilities for general exercise 
therapy. 

Thompson,”* also writing from England, concluded that there was little doubt 
that an industrial accident and rehabilitation scheme “has valuable contributions 
to make.” He said that in Great Britain two thirds of the working population are 
employed in factories with less than 500 persons but that the needs of these small 
units can be met “by the establishment of group industrial rehabilitation centers 
based on the local hospital and supported by both local industry and government 
agencies.” 


21. Woolff, M. G.: Rehabilitation of Industrial Worker, South African M. J. 24:734-738 
(Sept. 2) 1950. 

22. Plewes, L. W.; Barron, J. N.; Thompson, A. R., and Newell, H. H.: Rehabilitation 
in Industry, Lancet 2:699-703 (Oct. 30) 1948. 


23. Thompson, A. R.: Engineering Methods in Occupational Therapy and Industrial Reha- 
bilitation, Indust. Med. 18:385-390 (Sept.) 1949. 
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Milbrandt, ** in Vancouver, B. C., Canada, has described with enthusiasm a 
center established by the Workmen’s Compensation Board for the physical rehabili- 
tation of injured workmen which includes “‘both medical and vocational rehabilita- 
tion.” Following discharge from the hospital, the more seriously injured convales- 
cent workmen are cared for at the center, which now has an average daily attendance 
of between 475 and 500 disabled persons. 


Milbrandt stressed the fact that treatment in such a center should not be con- 
sidered as consisting merely of administering heat and massage. He expressed the 
belief that “exercises are a most important part of any rehabilitation program” and 
he said, “It has been amply demonstrated that exercises must be done under the 
supervision of trained remedial exercise instructors.” 


WELL-ORGANIZED PROGRAMS OF PHYSICAL MEDICINE AND 
REHABILITATION DO PAY DIVIDENDS 


Good programs of physical medicine and rehabilitation therapy do pay dividends. 
Flax,”° in describing the rehabilitation treatment of hand injuries at a center estab- 
lished by the State Insurance Fund of Puerto Rico, said that “the length of treat- 
ment was four to six hours daily five days per week.” In the 814 patients studied, 
the State Insurance Fund “economized to the extent of $251 per case.” This saving 
can be attributed “solely to providing the injured workmen with a complete surgical 


and medical program, including modern methods of physical medicine and rehabili- 
tation.” 


In the United States, the Federal Security Agency (now the Department of 
Health, Education, and Welfare) reports that “for every dollar spent for rehabilita- 
tion, the Treasury has collected $10 in income taxes from rehabilitated workers. 

. So aside from the humanitarian consideration, rehabilitation of wage earners 
is good business.” *° 

Thompson,** in England, has shown an enormous economic saving by reduction 
in the number of days off work provided by a suitable rehabilitation program. For 
example, following operations for internal derangements of the knee, patients on the 
rehabilitation program averaged 18.4 days off work, while those who did not have 
rehabilitation treatment averaged 31.5 days off work. 


The United States Office of Defense Mobilization ** has made the following 
report in one state: 


One hundred forty disabled men and women were receiving $92,400 a year in public welfare. 
The same 140 after rehabilitation and employment were earning at an annual rate of $156,240. 
. Vocational rehabilitation services can restore the disabled person, but it is up to the 
employer to give him an opportunity to produce. . . . Increasing recognition of this need and 
growing acceptance of rehabilitated workers are reflected in the following statement by Mr. Earl 


24. Milbrandt, W. E.: Physical Rehabilitation of Injured Workmen in British Columbia, 
Canad. J. Pub. Health 40:216-219 (May) 1949. 


25. Flax, H. J.: Physical Medical and Rehabilitation Therapy of Hand Injuries, A. M. A. 
Arch, Indust. Hyg. 3:236-244 (March) 1951. 
26. Miller, L. M.: Hank Pays His Debt, Reader’s Dig. 61:39-43 (July) 1952. 


27. Thompson, A. R.: An Industrial Accident and Rehabilitation Service: Engineering 


Methods in Occupational Therapy, Brit. J. Phys. Med. 12:114-121 (Sept.-Oct.) 1949. 


28. Health Resources Advisory Committee: The Disabled Can Work, U. S. Office of 
Defense Mobilization, 1952. 
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Bunting, Managing Director of the National Association of Manufacturers: “The progress 
made in providing the handicapped with gainful employment has been one of the outstanding 
accomplishments of the past decade. The social myth that the physically handicapped do not fit 
into modern industry has been pretty well exploded.” 


CONCLUSIONS 

I hope I have been able to indicate that industrial physicians from all over the 
world are beginning to see ever more clearly that rehabilitation begins when a 
worker is first injured or becomes ill and ends only when that worker has been 
restored to the fullest possible self-sufficiency of which he is capable. It is my hope 
also that I have been able to crystallize your thinking with regard to the necessity 
for the modern physician and nurse to consider always not only the physical prob- 
lems of the disabled worker but also the psychologic, the social, and the economic 
problems of that worker. 


Finally, it is my prayer that I may have been able to convince you that it is 
advisable to organize in every industrial community, in affiliation with the com- 
munity hospital, a well-organized program of physical medicine and rehabilitation ; 
through this program, under a medical director, a team of experts can strive by 
means of physical restoration, psychologic readjustment, and sociologic reorienta- 
tion to restore each injured worker tothe fullest possible measure of productivity, 
self-sufficiency, and self-respect ! 


NEW APPROACHES TO THE HEALTH HAZARD EVALUATION 
OF PESTICIDES 


KINGSLEY KAY, Ph.D. 
OTTAWA, ONT., CANADA 


OLLOWING World War II, a new problem in public health was presented by 

the active development of organic pesticides. The organic compounds were 
found to be not only more effective against insects but also more potentially toxic 
to man than the inorganic chemicals previously employed. The rapid-acting organic 
phosphate insecticides had been developed from a class of chemicals exploited 
during wartime as chemical warfare agents. The chlorinated hydrocarbon insecti- 
cides, of which chlorophenothane (DDT) was the first notable example, had been 
found to possess the typical specific effects of carbon tetrachloride, trichloroethylene, 
and others of this class which had been recognized for many years as an important 
source of occupational disease among industrial workers. During the past few years 
many other classes of organic chemicals have been introduced for pest control, and 
to each some measure of mammalian toxicity may be assigned. The current scope 
of the problem is well illustrated in the publication, “Guide to the Chemicals Used 
in Crop Protection,” by H. Martin and J. R. W. Miles.t. This work describes 176 
chemicals sufficiently toxic to pests to have economic value and, therefore, suspect 
with regard to their mammalian and human toxicity. 

It is well known throughout the country that cases of injury to man have 
resulted from exposure to pesticides. Some authorities have attempted to establish 
a perspective for the importance of the hazard by offering comparisons with other 
causes of morbidity and mortality, such as cancer, heart disease, and even traffic 
accidents. By these comparisons, the hazard of pesticides and, indeed, of many 
other public health problems appears relatively unimportant. It must, however, be 
appreciated that the basis of public health practice is prevention, and this is best 
attained by careful and well-balanced study in the early stages of a problem. 

Lack of knowledge with regard to the mode of action of many new pest-control 
agents has made it impossible to establish clearly the effects of the day-to-day, low- 
level stress on the health from pesticides used in home and factory and from the 


Dr. Kay is Chairman of the National Health Pesticide Committee and Chief of the Occupa- 
tional Health Laboratory, Department of National Health and Welfare. 


This paper was presented at the Fourteenth Annual Meeting of the American Industrial 
Hygiene Association, Los Angeles, April 23, 1953. 

1. Martin, H., and Miles, J. R. W.: Guide to the Chemicals Used in Crop Protection, 
Canadian Department of Agriculture, Science Service Laboratory, London, Ont., 1952. 
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residual material found on marketed produce and processed food. This chronic 
aspect bears closest attention in the early stage of experience, for the history of 
industrial hygiene offers examples, such as silicosis and radium poisoning, in which 
ill effects have been slow to appear. In such circumstances responsible professional 
practice calls for careful investigation through laboratory and clinical research, a 
conservative position on licensing and on recommended methods of application of 


new compounds, and, most important, a watchful attitude on the part of public 
health officials at all levels. 


RECENT EXPERIENCE IN HAZARD EVALUATION 


Evaluation of new pesticides before marketing is required by law in North 
America, but, owing to the technical complexity of the problem, methods of evalua- 
tion vary widely. Generally, most manufacturers have acute oral toxicity tests 
carried out prior to submitting their products for license. It has, however, become 
realized that the acute exposure of laboratory animals by the oral route may com- 
pletely fail to approximate the situation for grower, pest-control operator, or cus- 
tomer in contact with residual material, for these persons generally experience 
low-level oral exposure and contact by the dermal and respiratory routes. The cost 
of chronic toxicity testing is particularly high, and generally only the larger concerns 
are supporting new products for license with data from experiments in which 
animals have been fed small quantities of material over long periods. Residue data 
are provided in many instances, but there has been a general lack of supporting 
information on environmental levels of exposure, resulting from the use of products 
according to recommended entomological application techniques. In effect, a com- 


plete picture of product hazard has not yet been supplied in the case of a single 


product which has come to the attention of the National Health Pesticide Com- 
mittee in Canada. 


In view of the limited information on toxicity and hazard which could be 
brought together for most products submitted for license, and because of a general 
lack of understanding of the type of experimental data needed for hazard evaluation, 
the Occupational Health Laboratory of the Department of National Health and 
Welfare instituted experimental work covering aspects on which data for estimating 
hazard were most notably lacking. Our investigations have illustrated three 
approaches to health hazard evaluation not covered in supporting protocols when 
‘the products concerned were submitted for license. 

1. Toxicity of Trade Formulations Versus Pure Compounds.—In 1950, the 
toxicity of trade formulations of aldrin and dieldrin was investigated in the Toxi- 
cology Section of the Occupational Health Laboratory. It was of great interest to 
discover? that the aldrin-equivalent L.D.59 for wettable powders showed these 
formulations to be far more highly toxic than the pure compound. For instance, 
two samples of 2.5% aldrin wettable powder supplied by the Canadian distributor 
were found to possess average L.D.59 for male and female rats at 12 and 44 mg. 
per kilogram of body weight. Consultation with the primary producer disclosed 
that the sample having average L-D.59 at 12 mg. had been manufactured by a 
process yielding one known process impurity of L.D.s59 at the high toxicity level 
of 1.5. It is understood that since that time only the alternative process has been 
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employed. A wettable powder formulation of dieldrin was also found to be signifi- 
cantly higher in toxicity than the pure compound, and further examples have come 
to light in subsequent work. 

These findings demonstrate the importance of determining basic toxicity levels 
upon the actual product to be marketed. The value for the pure compound, which 
was not the material incorporated into trade formulations, was misleading. 

Further confirmation of the difference between the pure compound and trade 
formulations was afforded by the results of chronic feeding tests on rats.2_ Aldrin 
was administered to rats at 5, 10, and 20 ppm levels, first as pure material and then 
as trade formulations in the diet. These experiments disclosed a growth effect after 
the feeding of 2.5% wettable powder was begun. There was a significant gain in 
weight over controls by the rats at 20 ppm in the diet. Subsequently, it was found 
that these animals had reduced oxygen consumption. On killing, enlarged livers, 
adrenals, and hearts were found. Similar experiments with pure aldrin by Treon 
showed that rats fed the pure material at 75 ppm in the diet had also grown at 
such an accelerated rate as to lead to a differential over controls of 13 to 20% from 
the 18th to the 26th week of feeding, at which time administration ceased. Thus, 
the higher toxicity of the trade formulations over recrystallized aldrin was con- 
firmed in terms of growth by these experiments at low levels of chronic feeding. 

2. Difference Between Laboratory Toxicity and Hazard——Protocols on most 
new products today reflect a lack of understanding of the factors which differentiate 
the toxicity for laboratory animals from the hazard to the exposed human. This is 
the second new approach to hazard evaluation which our experience has emphasized. 

During manufacture, formulation, and application, the hazard of a pesticide is to 
a large extent a product of the toxicity of the formulation and the extent of exposure 
to the material. The hazard to the consumer of marketed produce or to the occupant 
of treated space involves a combination of the toxicity of the formulation used, the 
concentration originally laid down, and the residuality characteristics. Thus, a 
pesticide of high mammalian toxicity may give effective insect control at such low 
concentrations as to yield a hazard of lower magnitude than a product of lower 
mammalian toxicity employed in the field at high concentrations. By such consid- 
erations the hazard in contrast to toxicity may be roughly estimated, provided that 
the estimations are based upon appropriate use of oral, dermal, and respiratory 
toxicity values, whichever one is warranted by the situation. It is to be emphasized 
that this rough estimation of hazard does not take into account factors such as 
residuality characteristics, the relative exposure produced by different types of 
equipment, and the effect of winds and temperature conditions in particular situ- 
ations under actual use of materials. In order to take these factors into account, 
direct study of environmental conditions and clinical aspects should be carried out. 

Field trials for the entomological effectiveness of new insecticides are so widely 
conducted today that opportunity for study of the hazard at this stage in product 
development is afforded in the case of most new products. Additionally, it may be 
noted that many companies in this business actually employ industrial hygiene staffs 
accustomed to evaluating plant environmental conditions and the effect on exposed 


2. Ball, W. L.; Kay, K., and Sinclair, J.: Observations on Toxicity of Aldrin: I. Growth 
and Estrus in Rats, A. M. A. Arch. Indust. Hyg. 7:292-300 (April) 1953. 
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personnel. This direct field study provides the necessary information upon -~which 
safety and medical supervision can be based. Gross effects on the exposed persons 
may be noted, and if biochemical criteria are available, subclinical effects may also 


be determined. This combination of information on environmental exposure and 


effects on exposed persons is fundamental in establishing an accurate picture of 
the hazard of a new product. There are examples of important pest-control products 
which have been regarded as highly toxic and dangerous, largely because there 
has been a failure to demonstrate that actual environmental exposure is low and 
that the effect on exposed persons is subclinical. 

In 1950, when parathion was presented for license in Canada, considerable 
laboratory data on its oral toxicity were available, indicating that the compound 
possessed exceptionally high toxicity. Furthermore, deaths and illnesses from gross 
exposure had been reported from the United States. Unfortunately, it was not 
known what levels of exposure the proposed application procedures would create, 
nor was there information on the subclinical picture in persons who had used the 
material without apparent ill effect. It was, however, known that parathion attacked 
the body by disrupting the chemical processes involved in the functioning of parts 
of the nervous system. This effect could be determined from the level of the enzyme 
cholinesterase in the body. 

To obtain such information, the Field Section of the Occupational Health 
Laboratory carried out a combined environmental-blood cholinesterase study in the 
St. Hilaire orchards of Quebec. Levels of parathion in the air during spraying were 
estimated, and the corresponding changes in the blood cholinesterase levels of a 
group of spraymen were determined. It was found* that under intermittent 
exposures to concentrations of around 10 y of parathion per liter of air cholines- 
terase reductions of approximately 15% occurred. 

The clinical significance of such changes was not fully understood at that stage 
of knowledge, but the findings indicated possibly not more than marginal intoxi- 
cation in the one season. From this it was evident that, while toxicity of parathion 
was high by laboratory standards, the hazard was, in fact, much lower in these 
particular applications which represented apple orchard practice in Eastern Canada. 
It has been further evident that application procedures in other areas can now be 
estimated for hazard from the available clinical experience and the basic data on 
environment and biochemical response. This approach best exemplifies the practical 
contribution which can be made by use of the industrial hygiene approach. 

3. Biochemical Investigation of New Pesticides——Biochemical response to new 
pesticides forms a third aspect of the health hazard evaluation, on which little 
information is generally available at the stage of introduction of new compounds 
to the market; yet, it is generally from a knowledge of biochemical response that 
clinically valuable tests and antagonizing agents may be developed. The availability 
of simple biochemical tests for early response to chemical exposure is of great 
practical importance in evaluating the health hazard. 


3. Kay, K.; Monkman, L.: Windish, J. P.; Doherty, T.; Paré, J., and Racicot, C.: Para- 
thion Exposure and Cholinesterase Response of Quebec Apple Growers, A. M. A. Arch. Indust. 
Hyg. 6:252-262 (Sept.) 1952. 
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No pattern of responsibility for the development of such tests has ever evolved 
as between the manufacturers of toxic chemicals and the public health group. In 
the case of the new organic insecticides, it transpired that the organic phosphates 
had been the subject of wartime research, from which the cholinesterase test was 
developed as an indicator of exposure and atropine became recognized as an antag- 
onizing agent. For the complex chlorinated hydrocarbon insecticides, suitable 
biochemical tests have not yet been brought forward, though barbiturates have 
been used for treatment of central nervous system symptoms. Indeed, it may be 
mentioned that the difficulty of detecting early chlorinated hydrocarbon poisoning, 
due to the simpler and better known compounds such as carbon tetrachloride, has 
been a besetting problem in industrial hygiene for many years. 

When the complex chlorinated hydrocarbon insecticides, such as aldrin, chlor- 
dane, and others, were introduced for license in Canada a few years ago, M. Crevier 
and associates in our Laboratory undertook experimental work on the biochemical 
response to such compounds at the request of the Canadian Department of Agricul- 
ture. It had been known for several years that laboratory mammals, showing liver 
disease from exposure to carbon tetrachloride and chloroform, also showed reduc- 
tions in plasma pseudocholinesterase. We therefore explored the serum esterase 
response of rats to various dosages of aldrin, dieldrin, chlorophenothane, chlordane, 
heptachlor, and lindane and discovered that these compounds caused a rise, rather 
than a fall, in the level of the enzymes. This rise was dependent upon the level 
of exposure and possessed an adaptational character. It occurred even in rats which 
had been fed as little as 20 ppm aldrin in the diet and preceded signs of liver 
damage. It is of incidental interest to record that our tests showed that single 
doses of carbon tetrachloride, benzene, and methyl alcohol at half acute oral L.D.50 
caused a striking reduction in the serum esterase. The pattern of response of higher 
mammals to the chlorinated, cyclic aliphatic, and substituted aromatic insecticides 
is now being investigated. 


Concurrently, experiments were undertaken by W. L. Ball and co-workers to 
establish the antagonizing role of compounds capable of reducing the serum esterase. 
Though only preliminary experiments have been completed at this date, it may be 
stated that thyroxine, insulin, and corticotropin antagonize aldrin to the extent 
of approximately doubling the acute oral L.D.59 of aldrin. Most striking, however, 
have been the effects of aldrin and chlordane as antagonists to parathion. Aldrin and 
chlordane administered at suitable levels and prior to the administration of para- 
thion modified the acute oral L.D.59 as much as sevenfold and twentyfold, respec- 
tively, though the practical value of this striking antagonistic action has not been 
fully explored. 


It cannot be stated at this stage in our experiments whether this research will 
lead to the discovery of useful specific antagonizing agents for chlorinated molecules 
of the type represented by the chemicals used in this study. It does, however, 
exemplify a necessary approach to the health hazard evaluation, which has the 
purpose of providing clinical tests and specific antagonizing agents for toxic chemi- 
cals being brought into widespread use. The great practical usefulness which enzyme 
study offered in organic phosphate poisoning has been also established by this 
demonstration for the chlorinated hydrocarbon chemicals. 
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CONCLUSIONS 


It has been the purpose of this paper to indicate aspects of pesticide hazard 


evaluation warranting more detailed study before new products are introduced 
to the market. 

Three new approaches have been described and exemplified by experimental 
work carried out in our Occupational Health Laboratory. These include the 
following : 

1. Toxicity of actual trade formulations should be determined to take into 
account toxicity contribution by impurities and associated materials. 

2. The health hazard evaluation of pesticides is a combination of toxicity and 
level of application. Field study of environmental exposure, clinical aspects, and 
biochemical response in the subclinical range would appear to be the soundest 
approach to such an evaluation. 

3. Study of biochemical effects should be instituted when new products are 
developed, so that specific clinical tests and antagonizing agents may be available 
for the health protection of exposed persons. 
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Obituaries 


CYRIL TASKER 
1899-1953 


Cyril Tasker, Director of Research of the American Society of Heating and 
Ventilating Engineers, died suddenly of heart attack on May 27, 1953. He was 
born in Manchester, England, received his Master’s degree in Engineering from 
the University of Manchester in 1923, and before coming to this country had served 
on the staff of the British Fuel Research Board, in England and in Canada. 

Cyril Tasker became a member of the A.S. H. V. E. in 1935 and served the 
Society in various capacities, as a member of technical advisory committees, as 
Council member in 1941, and as Director of Research since 1943, when he acquired 
permanent residence in the United States. 

His untimely death at the height of his career deprived the A. S. H. V. E. of an 
excellent organizer, under whose leadership research in air conditioning has reached 
its present fruitful stage. His genial personality and sense of humor won him a 
host of friends, who will be deeply saddened by the news of his death. 


CONSTANTIN P. YAGLOU. 
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Abstracts from Current Literature 


General 


PsycHOLOGICAL HANDICAP IN RELATION TO PRODUCTIVITY AND OCCUPATIONAL ADJUST- 


MENT. Morris MARKowe and L. E. D. Barser, Brit. J. Indust. Med. 10:125 (April) 
1953. 


A group of 80 male lead grid casters between the ages of 22 and 64 (average age, 37) was 
studied in an attempt to measure the effect of psychological handicap upon industrial efficiency. 

It is suggested that neither psychological handicap nor mental ability affected productivity in 
all groups so much as social backgrounds in the home and in the factory. 

The assumption that workers who have a psychological handicap, such as neurosis, produce 
less than the average worker was not confirmed in this limited study of 80 workers. Productivity 
was slightly affected by general mental ability, the most intelligent producing more than average 
and the least intelligent being among the poor producers. Men rated low both for mental health 


and for general ability had an average output and were rated as reasonably well adjusted to the 
job. CONDENSED FROM AUTHORS’ SUMMARY. 


Women 1Nn Licut INpustrRy. Marie RejskovA, MARIE SexyrovA, BrozKovA, 
Vuasta NovAkovA, ALorsi£ VitKovA and B. Bena, Prac. lék. 4:402-440 (Dec.) 1952. 


This study of women in light industry is part of a larger planned study of the effect of 
various occupations on the health of women. Light industry was chosen for this first study, 
since it would be expected to have little or no effect on the health and will serve as a basis of 
control for future studies of heavy industry. 

The authors examined 796 women who worked in a linen factory and in a factory making 
wireless spare parts. A two-page English summary accompanies the paper. 


Mary O. Ampvr, Boston. 


Heart RELATION TO EMPLOYMENT (IN ENGLISH). 


LEONARD J. GOLDWATER, 
Arhiv. hig. rada 3:409, 1952. 


The author discusses the problem of heart disease in relation to employment. He suggests 
a few methods for studying this problem. As the group of patients under observation was not 
representative of all those with cardiac disease, no sweeping conclusions could be drawn from 
the data presented. However, on the basis of this study it may be argued that patients suitably 
employed can successfully perform a variety of jobs without unfavorable effects on heart disease. 


AvuTHOR’s SUMMARY. 


PRINCIPLE FOR ListinG DisEASES UNDER THE OCCUPATIONAL DISEASES INSURANCE (IN 
ENGLIsH). Leo Noro, Arhiv. hig. rada 3:468, 1952. 


The author discusses the problem of the social insurance of occupational diseases, particularly 
in Finland. He deals particularly with occupational skin diseases which represent a serious 
problem in medical practice. He submits legal provisions which would solve the problem of 


professional diseases in a plain and elastic way. The author favors a system of lists which could 
be easily completed. 
AvuTHOR’s SUMMARY. 


Physiology and Nutrition 
RESIDUAL VOLUME MEASUREMENTS BY THE GAS EXPANSION METHOD AND NITROGEN 
Di_ution Metuop. P. Dejours and H. Rann, J. Appl. Physiol. 5:445 (Feb.) 1953. 


In the gas expansion method for the determination of the residual lung volume, five subjects, 
after a complete expiration, were rapidly decompressed from 1.5, 1.75, or 2.0 atmospheres to 
1 atmosphere. The resulting volume increment from the remaining lung volume was measured 
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in a spirometer and the residual volume calculated. When these results were compared with 
the values obtained by a nitrogen dilution method, no systematic differences could be established. 
The various factors which may contribute to the errors of the expansion technique are discussed. 


AvutHors’ SumMaRY [INpust. Hyc. Dicest]. 


ComprEssED AIR ILLNESS ON TYNESIDE. R. I. McCattum and D. N. WaAtLper, Lancet 
264:464 (March 7) 1953. 


Two cases of compressed-air illness, leading to paraplegia and severe disability, are reported. 
One man was an experienced compressed-air worker, the other a novice; the differing circum- 
stances in which each accident arose are described. In the case of both patients recompression 
in the medical lock was not maintained long enough, i. e., for at least 24 hours. As compressed- 
air work is done sporadically and few practitioners are familiar with the illness, it is suggested 
that a panel of physicians with experience in the work should be available in each area to give 
advice on the selection and medical supervision of the men. 


AutHors’ SumMARY [INpust. Hyc. DiGEst]. 


CAN THE CRITICAL FREQUENCY OF FUSION OF INTERRUPTED ELECTRICAL STIMULATION OF 
THE Eye SERVE AS A TEST OF FaTIGUE? (In English.) Z. Bujas, B. Petz, and A. 
Krxovié, Arhiv hig. rada 3:428, 1952. 


Differing from the test of the critical frequency of fusion of interrupted stimuli of light used 
by some authors to investigate fatigue, the authors attempted to use the critical frequency of 
fusion of interrupted electrical stimulations of the eye as a test of fatigue. The results show 
that the critical frequency of fusion of interrupted electrical stimulations of the eye does not 
change in a state of fatigue. Therefore, this test cannot be used as a test of fatigue. 


AUTHORS’ SUMMARY. 


Occupational Diseases and Hazards 


Tue Mosiity oF PNeumoconiotic Deposits. P. Gross and J. H. U. Brown, Am. J. Clin. 
Path. 22:821 (Sept.) 1952. 


A number of observations support the concept that pneumoconiotic deposits are capable of 
mobilization. The prime factor responsible for the mobilization and transport of pneumo- 
coniotic material is edema fluid. Evidence is adduced that dust granules may be transported 
within the lung to lymph nodes without benefit of phagocytic cells. The bearing of these obser- 
vations on clinical implications is discussed. Any inference from the present study that mobil- 
ized pneumoconiotic granules are actually contributory to clinical pulmonary complications is 
decidedly not warranted. However, the evidence does justify a clinical and statistical study of 
patients in whom this phenomenon may be a factor. 


CONDENSED FROM AvuTHORS’ SuMMARY [INDust. Hyc. DiceEst]. 


INDUSTRIAL ASPECTS OF SKIN CANCER. 


E. L. Wynper, Chemist (Bull. Am. Inst. Chemists) 
30:23 (Jan.) 1953. 


The various industrial causes of skin cancer are discussed. In Great Britain, 2,975 cases of 
skin cancer were reported up to 1945. Of these cases, 59.4% were attributed to pitch or tar 
products, and 40% to shale oil, mineral oil, or bitumen. In the United States, on the other hand, 
only 151 cases were reported up to 1948. The number would undoubtedly be much higher if 
a better system of recording and reporting could be instituted. In addition to chemical agents, 
ultraviolet light, radioactive substances, and scars from burns are among the causes of skin 
cancer. The latency period is long; the maximum number in the British investigation occurred 
in pitch and tar workers from 20 to 24 years after the first exposure, and from 50 to 54 years 


in shale and mineral oil workers. The cure of skin cancers depends upon early recognition 


and treatment. Preventive measures, however, are most important. They should include com- 


pulsory medical examination, prevention of contact, protective clothing, and especially worker 
education. These measures have greatly decreased the incidence of cancer in Great Britain. 
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In the United States, the recent investigations by the Standard Oil Company have contributed 
to prevention of cancers from high-boiling oils. Compensation laws should be on a par with 
those of Great Britain, but in the absence of adequate laws industries should of their own 
accord collect information and apply it for the protection of workers and the advancement of 


cancer work in general. Heo. Deoser 


SIDERO-SILICO TUBERCULOSIS IN A FounpRY EmpLoyee. L. E. HAMtin, Dis. Chest 23:81- 
89 (Jan.) 1953. 


Clinical, roentgenological, and pathological findings, together with industrial hygiene studies 
demonstrating exposure to dust in a foundry employee afflicted with sidero-silico tuberculosis, 
are presented. The data show the need for accurate appraisal of abnormal shadows in the 
chest roentgenograms of industrial workers in such environments, in contrast to the x-rays of 
persons in other walks of life. The findings also demonstrate the value of exploratory surgical 
intervention, in conjunction with other recognized procedures, in establishing a precise diagnosis. 


AvuTHOR’s SuMMARY [INDustT. DiGEst]. 


Tue ACTION OF FLINT OF VARIABLE S1ZE INJECTED AT CONSTANT WEIGHT AND CONSTANT 
SURFACE INTO THE LunGs oF Rats. E. J. Kino, G. P. Monanty, C. V. Harrison, and 
G. NAGELscHmMInT, Brit. J. Indust. Med. 10:76-92 (April) 1953. 


The authors describe an interesting series of experiments in which flint dust was injected 
intratracheally into rats. In one series, the weight of dust was held constant at 50 mg. of flint 
per rat. In the other series, the surface area was held constant at 700 cm.2 per rat. The 
samples were divided into five groups on the basis of particles size 0 to 0.5, 0.5 to 1, 1 to 2, 
2 to 4,and4to8u. The animals were killed at intervals up to a year after receiving injections, 
and histological studies were made of the lungs. 

In the series in which equal weights of the dusts of various particle sizes were used, there 
was a regular increase in fibrotic activity as the particle size decreased. The smaller the mean 
size of the flint, the faster or more advanced is the tissue reaction. The largest fraction only 
gave Stage 2 fibrosis in nine months, but the smallest gave Stage 5 in five months. 

In the equal surface experiments, the largest fraction reached only Stage 3 fibrosis, and the 
smallest one gave only Stage 4. The optimum fibrogenic size of flint particles in this type of 
experiment was between 1 and 2 # equivalent diameter. Possible explanations for the falling 


off at both size ends are discussed. 82. 


Dust SAMPLING TO SIMULATE THE HuMAN Lunc. H. H. Watson, Brit. J. Indust. Med. 
10:93 (April) 1953. 


The point is made that the dust which is really important from an industrial hygiene stand- 
point is that which is retained by the lungs. This paper deals with the problem of designing 
an instrument which selects dust particles of different sizes, densities, and shapes in the same 
proportion as they are deposited in the lungs, so as to give an estimate of the respirable dust. 

The deposition of dust in the lungs depends among other things on the size distribution of the 
dust particles in the cloud being breathed and on their density and shape. The aerodynamic 
diameter of a particle is the correct measure of its size in this context, and results are given 
for a number of dusts of the relation between this and the mean projected diameter as deter- 
mined with a microscope. 

Lung deposition versus particle size curves are derived for a number of natural dusts. These 
are compared with curves of penetration of dust through some selector devices which trap the 
larger particles, leaving the smaller ones to pass through to constitute the sample. 

The results obtained suggest strongly that it is possible to use with confidence selective 
sampling devices which satisfactorily simulate the upper passages of the human respiratory 
system ; these devices will allow to pass to a suitable depositing element a sample from which 
can be derived directly a measure of the concentration of the respirable fraction of a dust. 
This sample will give a comparable index of concentration which is almost independent of the 
dust, its size distribution, density, and particle shape. 


B. H. Ampur, Boston. 
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PNEUMOCONIOSIS OF COAL MINERS IN SCOTLAND. JOHN BLAck, Brit. J. Indust. Med. 10:101 
(April) 1953. 

The author points out that although pneumoconiosis is known to occur among coal miners in 
all the British coal fields most of the detailed information concerns its occurrence in the fields 
of South Wales and North-East England. 

The occurrence of this disease is examined in the Scottish coal fields by a study of all the 
cases (1,315) certified in that area under the Coal Miners Industry (Pneumoconiosis) Com- 
pensation Scheme, 1943, and the National Insurance (Industrial Injuries) Act, 1946, during the 
six years from 1944 to 1949. 

Since 1944 the number of certificates on account of this disease has substantially increased 
in the Scottish area and in each of its coal fields. There is evidence that there has been an 
increase of cases of the “silicotic” type, indicating a real increase in the actual occurrence of 
the disease within recent times. 

The increase in the various coal fields is not uniform, and local factors which have affected 
it are discussed. 

When examined in relation of age to disability, it is found that certified cases have seldom 
occurred when the patients were under 41 years of age, which is about equivalent to 21 years 
of colliery work. The degree of disablement advances with age. Complicated pneumoconiosis 
is commoner in the older age groups. The possible relation of pneumoconiosis to tuberculosis 


infection is discussed. B. H. Ampur. Boston. 


A Pitot INVESTIGATION INTO THE OCCURRENCE OF PNEUMOCONIOSIS IN LARGE POWER 
STATIONS IN SoutH Wates. Ipris Davies, Brit. J. Indust. Med. 10:111 (April) 1953. 


Out of 1,138 men from four large power stations, 572 were examined roentgenologically using 
large films. Fifty-seven were found to be suffering from pneumoconiosis, and every one of 
these men had worked underground in the coal mines. No evidence of pneumoconiosis was 


found in the 407 men who had not worked underground. These men had worked for 20 to 30 
years in power stations. It is thought that a hazard exists, especially to bricklayers and laggers 
and their mates and also to boiler cleaners and maintenance men, but the exposure has probably 
been too short to produce pneumoconiosis. The very high rate of ventilation may be responsible 


for preventing disease in m of the workers in power stations. ns 
P 1 most of the AuTHoR’s SUMMARY. 


A CONTRIBUTION TO THE STUDY OF THE BLOOD PICTURE IN SiLicosis. E. BALGAIRIES and 
C. Crarys, Rev. méd. Miniére 5:13, 1952. 


A search over previous reports upon the hematology of silicosis established considerable 
disagreement; hence the present study. An examination was made of the red blood cells of 
415 miners, whether silicotic or not. The results are shown at considerable length and in detail. 
Suffice it to say that no important modification was found in these red cells. The study was 
then extended to the white cells, for which purpose 358 subjects were examined. Of them, 64 
were nonsilicotic miners; 96 had slight signs of silicosis; 48 were more advanced; 111 had 
confluent shadows, and 39 were advanced cases. Here again the data collected are presented 
in great detail and distributed according to the extent of the silicotic state. A mild relative 
lymphocytosis was found, considered to be the result of the leucopenia; it had a definite cor- 
relation to the stage of silicosis. Dyspnea, as a direct effect of silicosis, gave no indication in 
the blood picture. Eosinophilia was not found to have any relation to silicosis, as has been 
claimed by others. The conclusion is presented that a hematological approach in diagnosing 
silicosis has no sure basis. Nevertheless, a clear difference between the leucopenia and leuco- 
cytosis in patients with slight x-ray findings and those with more definite findings suggests the 
possibility that some factor exists which is not at present determined. An extensive statistical 


investigation would be needed to carry the matter further. E. L. Coutts [Butt. Hye] 
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lieta ave then given in regard to the incidence of silicosis and tuberculosis among 1,329 
workers. These data were obtained from 3423 fluorographic and 727 large x-ray films taken 
during the period from 1940 to 1951, The percentage of nodular and massive silicotic patterns 
wae found ty he 24%; the percentage of reticulations was 14.7% 


was 


The highest incidence of 
frnnd among workers employed in the abrasive paper department (10%), in the 
ering and scouring departments (4.3), and in the furnace and drying departments (7.2%). 
Active tuberculosis was found in 26% of the workers. The incidence of silicosis was 0.23% 
aionig workers employed for 5 years and 57.14% among workers with more than 30 years 
of work experience Conpensep Enciish SuMMARY. 
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and Guitio PestaLtozza, Med. 
lavoro 44:144 (Mareh) 1953 


Ihe authors refer to @ series of tests carried out on 92 weavers. 


These tests showed that the 
The industrial deafness 
accurring among the weavers, although lower than that encountered among metal workers, is 
soloiderable and is proportional to the length of employment of the individual weaver. 


level of nolse iW & Weaving room varies between 95 and 102 db. 
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The authors conclude by referring to some encouraging prophylactic experiments, using 
filter-type earplugs which are recommended as being an efficacious means of individual pro- 


tection against noise deafness. Encuis SUMMARY 


A CriticaL Review oF THE CHEMICAL THEORY OF SILIcosiIs. Luise HozapFEL, Beitr. 
Silikose Forsch. No. 15 1-19, 1952. 


The solubility theory is first reviewed, and reasons are given why it cannot be maintained 
in its original form, which says that silicosis is due to dissolved silica. The main argument is 
that silicosis requires years to develop, while the solubility of quartz drops in the course of days 
or weeks. A modified solubility theory is suggested by the author’s published work and from 
her recent results with carbohydrates. From plant extracts, a fraction containing carbohydrate 
and silica could be isolated, and experiments with blood and quartz showed specific adsorption 
of a galactose complex. The galactose adsorbed on quartz still reacts with hydrazine, demon- 
strating that the aldehyde group does not take part in the reaction with quartz. Next follows 
a very speculative chapter dealing with the structure of silica-galactose complexes. Collagen is 
said to contain galactose, but there is no evidence on its structure. The osazone reaction can be 
used to demonstrate quartz in human silicotic lesions, as well as to demonstrate galactose adsorp- 
tion on quartz, and a number of colored illustrations of this effect are shown. Electron micro- 
graphs of serpentine asbestos after disintegration in water are also shown. 


CONDENSED FROM Butt. [Inpust. Hye Dicest]. 


Q-FEveER EpipeMic aT OGULIN IN 1952 AND ITs OccUPATIONAL FEATURES. B. CvjJETANOVIC, 
J. FaurSevac, F. D. Kozmar, E. Topoinik, and J. VESENJAK-ZMIJANAC, 
Arhiv hig. rada 4:14, 1953. 


This paper contains a two-and-one-half-page English summary and 91 references. The out- 
break of Q-fever in Ogulin in 1952 is the first reported from Croatia. High incidence of the 


disease occurred among slaughter-house workers. The clinical features and epidemiology are 
discussed. Mary O. Amour, Boston. 


Industrial Toxicology 


Toxicity AND ANTICHOLINESTERASE ACTION OF TETRA-N-PrRopyL DITHIONOPYROPHOS- 


PHATE. J. Dautt and K. P. DuBots, J. Pharmocol. & Exper. Therap. 106:382 (Dec.) 
1952. 


This report describes the toxicity and pharmacological actions of a new insecticide, tetra- 
n-propyl dithionopyrophosphate (E-8573), which exhibits low toxicity to mammals. The L.D.s 
for rats was 1,100 mg. per kilogram intraperitoneally and 1,450 mg. per kilogram orally. Daily 
doses as low as 25 mg. per kilogram inhibited growth and decreased the cholinesterase activity 
of the tissues. Effects of intermediate doses are described. Delayed onset of symptoms, long 
duration of action, and cumulative effects were observed and appeared to be due to the slow 


rate of absorption of the compound. Inpusr, Hira. 


THe EXxpeEcTED FREQUENCY OF BLADDER TUMOR IN WorKS Poputations. R. A. M. CAsE, 
Brit. J. Indust. Med. 10:114 (April) 1953. 


It has long been recognized that certain occupations, such as the manufacture of certain 
dyestuff intermediates, have caused an increase in the frequency of bladder tumor. There is 
little or no evidence for how far such an occupational risk affects other industries or occupations. 
Before an occupational risk of this sort can be recognized, it is necessary to show that more 
cases occur among men employed in a particular environment than among men not so employed. 

A method is described whereby works medical officers or others with access to works 
records can obtain an idea of whether an environmental risk of bladder tumor formation exists 
in industries, occupations, or processes in which they are interested. This assumes that the 
works records show the name of the employee, his age, and the date at which he started work 
in the environment to be considered. It is also necessary to find the number of deaths from 
bladder tumor which have occurred. 
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The method is applicable to males in England and Wales and is valid for employment between 
1921 and 1950, but probably no great error will be introduced by extending these limits a 
decade either way. No expert statistical knowledge is required for using the method. 


B. H. Ampur, Boston. 


METHYLOCTYLBENZENESULFONATE: A New INDUSTRIAL SENSITIZING AGENT. C. N. D. 
CrUICKSHANK and H. Howarp-SwarFFIELp, Brit. J. Indust. Med. 110:121 (April) 1953. 


Early in 1951 a new process was begun for the preparation of methyltriethylammonium- 
octylbenzene sulfonate for incorporation in an antistatic lubricant. When this material was 
produced on a pilot plant scale, acute transient skin rashes and swelling of the eyelids and 
lacrimation developed in several persons. The symptoms suggested that this was due to the 
development of hypersensitivity rather than to primary skin irritation. The trouble was traced 
to the step in the reaction in which methyloctylbenzene sulfonate was produced as an inter- 
mediate. 

Several case histories are given. The sensitizing properties of this compound were confirmed 


by skin tests on guinea pigs. B. H. AmDUR, Boston. 


THE TOXICOLOGY OF PENTACHLOROPHENOL: I. PROPERTIES: IDENTIFICATION AND DETER- 
MINATION IN BIOLOGICAL MATERIAL. R. TRuUHAUT, G. ViTTE, and E. Boussemart, Arch. 
mal. profess. 13:561, 1952. 


Steam distillation from acid solution removed pentachlorophenol from biclogical materials. 
A further steam distillation of an alkaline solution of pentachlorophenol removed some 
impurities. The compound was then isolated by ether extraction from acid solution and further 
purified by microsublimation. Various color tests for identification could then be done. For 
quantitative determination, pentachlorophenol was oxidized with nitric acid and permanganate 
in the presence of silver nitrate, the excess of which was then titrated. 


Mary O. Boston. 


THE ToxICOLOGY oF PENTACHLOROPHENOL: II. OccuPATIONAL INTOXICATION IN THE 
Woop Inpustry: OBSERVATIONS OF Two Cases. R. Trunaut, P. L. Epfe, and 
E. BousseMArT, Arch. mal. profess. 13:567, 1952. 


The intoxication from pentachlorophenol occurred in men dipping planks of wood in a 
3% solution of a mixture containing 80% pentachlorophenol and 20% sodium tetrachlorophenate. 
Some workers showed only cutaneous symptoms; others showed symtopms of anesthesia, loss 
of appetite, and respiratory difficulties. The urine contained 3 to 10 mg. of pentachlorophenol 
per liter. Case histories of two workmen whose cases proved fatal are given. The importance 
of the danger from cutaneous exposure alone to this compound is stressed from an industrial 


hygiene point of view. Mary O. Ampwr, Boston. 


ToxIcoLoGy OF PENTACHLOROPHENOL: III. ACUTE AND CHRONIC POISONING IN RABBITS: 
INFLUENCE OF RENAL STATE. R. TRuHAUT, G. ViTTE, and E. BoussemMart, Arch. mal. 
profess. 13:570, 1952. 


An alkaline solution of pentachlorophenol readily penetrated the skin, since the compound 
was found in all body tissues, blood, and urine following only cutaneous exposure. Rabbits 
made nephritic by injection of uranyl nitrate were much more sensitive to pentachlorophenol than 
normal animals. The high concentration of pentachlorophenol found in brain, lung, and kidney 


explained some of the clinical symptoms seen. ©. 


KERATITIS AND CONJUNCTIVITIS DUE To HYDROGEN SULFIDE OCCURRING IN A SUGAR 
Factory. Fortunato M. Troist, Med. lavoro 44:83 (Feb.) 1953. 


Among workers in a beet-sugar factory during the summer eight cases of keratitis and 
seven cases of conjunctivitis occurred. Due to the clinical character of these cases and the 
results of analysis on process water and environmental sampling, it was concluded that they 
were caused by hydrogen sulfide. 
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The source of the pollution in the water was found to be due to inflow wastes from a rayon 
factory. This was located some distance up the river, along with a distillery and the sewers 
of two towns. These three sources had polluted the water, and as the river was low because 
of the dry season sufficient hydrogen sulfide was present in the water to cause the symptoms 


observed. ADAPTED FROM ENGLISH SUMMARY. 


BLoop METHEMOGLOBIN AND COPROPORPHYRINURIA IN ACUTE EXPERIMENTAL ANILINE 
Porsoninc. E. BARTALINI and L. GHIRINGHELLI, Med. lavoro 44:88 (Feb.) 1953. 


Five dogs were acutely poisoned by oral administration of 10 to 20 mg. of aniline per 
kilogram of body weight. The blood concentrations of methemoglobin and the urinary excretion 
of coproporphyrin were recorded before and two and eight hours after the poisoning. It was 
observed that the highest coproporphyrin excretion occurred after methemoglobin has reached 
its maximum level in the blood and is declining. The discussion of this behavior suggests that 
coproporphyrin excretion is related to blood regeneration and not to methemoglobin production. 


ENGLISH SUMMARY. 


PRECURSOR OF COPROPORPHYRN IN THE URINE OF LEAD WorkKERs. L. Bricattr and C. 
Granpis, Med. lavoro 44:113 (March) 1953. 


The authors have studied the excretion of a so-called “precursor” of porphyrins in the urine 
of lead workers. This substance is a chromogen, soluble in ether. It is colorless till treatment 
with reducing substances or exposure to ultraviolet light which convert it to porphyrin. In 
the normal person it makes up most of the urinary porphyrin. In the lead workers the ratio cf 
precursor to total coproporphyrin decreased as the total coproporphyrin content of the urine 


i eased. 
increased CONDENSED FROM ENGLISH SUMMARY. 


A METHOD oF TESTING BY ANIMAL EXPERIMENT THE EFFECT OF CHLORINATED NAPHTHA- 
LENES ON THE SKIN. H. T. HOFMANN and W. NeuMANN, Zentralbl. Arbeitsmed. u. 
Arbeitsschutz 2:169-173 (Nov.) 1952. 


Chlorinated naphthalene compounds are much used in the electrical industry as insulating 
materials. These materials unfortunately may cause industrial skin disease and occasionally liver 
damage in the workers. The literature on this subject is shortly described. 

To determine the toxicity of the various insulating materials, rabbits were used. The inner 
aspect of the ear of each experimental animal was anointed daily with 0.1 gm. of a 10% strength 
salve of the substance dissolved in benzene and then mixed with lanolin. Specimens of skin 
were excised after 7, 11, and 17 days of application of the salve, and the macroscopic and micro- 
scopic appearances of the skin are described and illustrated by photographs. The animals on 
which one of the substances was tested all gave postmortem evidence of liver necrosis, due 
apparently to the percutaneous absorption of the toxic chemical. 


M. E. [Butt Hyce.]. 


NEw FINDINGS ON THE EFFECT OF TRICHLORETHYLENE ON THE HEALTH OF WorKERs. Z. 
Barpopky, I. Berxa, B. CHatupa, O. Nesvapsa, and J. VysKocir, Prac. lék. 4:441 
(Dec.) 1952. 


Seventy-five persons from dry-cleaning establishments and metal industries who had been 
exposed to trichlorethylene for six months to 25 years were examined clinically. The observed 
signs were divided into two groups, including transient signs of the prenarcotic state which 
depends on the concentration of trichlorethylene vapors in the workng atmosphere and toxic 
signs of a more lasting nature caused by the total quantity of inhaled trichlorethylene. Both 
of these types are described. 

For assessing neuropsychic balance, a new method was introduced of following the course 
of permanent active optical attention. Statistically, significant deviations from the normal were 
found in the temporal spacing of observed signs in those affected by trichlorethylene. The 
method proved very sensitive, and its results were in keeping with the medical recommendations 
for the transfer of workers. 
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There is wide variation in the tolerance of various persons to trichlorethylene. Persons 
with past disorders of the nervous system are more sensitive. 

Hepatic damage was not shown. Excretion of the 17-ketosteroids was within the normal 
limits. The quantity of trichloracetic acid in the urine varied from 0 to 60 mg. per liter. 

Prophylactically, it is recommended that the workers have a good diet, with a preponderance 
of protein and fat, and that they engage in walks and sport after working hours, since these 
factors have been shown to have a favorable effect on the resistance to the action of trichlor- 


ethylene. CONDENSED FROM ENGLISH SUMMARY. 


ORAL MANIFESTATIONS IN OCCUPATIONAL MERCURY POISONING. ZDENKO NJEMIROVSKYJ, 
Arhiv hig. rada 3:463, 1952. 


The author discusses his observations of the oral symptoms found in workers in the mercury 
mines and the smelting plant of Idria. Owing to the high concentrations of mercury (2 to 
5.9 mg. per cubic meter), the number of subacute intoxications was high. 

The oral hygiene of persons examined was found to be poor. Since dental hygiene is 
important for these people, the importance of industrial dentistry is pointed out. Since the oral 
cavity presents the main entrance for many toxic agents, shows early symptoms of intoxication in 
some cases, and is easily accessible, the importance of frequent examination is indicated. 


CONDENSED FROM ENGLISH SUMMARY. 


Medicine and Surgery 


PENETRATING WOUNDS OF THE KNEE JOINT (in English). W.G. McDavip, Arhiv hig. rada 
3:423, 1952. 


Penetrating wounds of the knee joint, common in the gold mines of the Witwatersrand, are 
discussed, including the mechanism of injury, first aid, surgical treatment, postoperative treat- 
ment, and follow-up. The author gives results of treatment in 50 cases, with details regarding 


ses. ’ 
3 cases AUTHOR'S SUMMARY. 


Environmental Conditions 


SomME EXPERIENCES WITH AIR POLLUTION ABATEMENT IN THE STEEL INpustTrY. C. A. 
BisuHop, Iron and Steel Engr. 29:122-126 (Dec.) 1952. 


The author discusses air-pollution problems encountered in several operations in the steel 
industry, including open-hearth, blast furnace slips, ferromanganese blast furnace gas cleaning, 
and, very briefly, the Bessemer converter problem, for which no ready answer is available. 
The cleaning of blast furance gas has long been a well-established art, but the control of slips 
or irregular movements of the furnace burden requires study. Most of the discussion pertains 
to ferromanganese blast furnaces, which the author has fully covered in an earlier paper. 


Inpust. HyG. DIGEst. 


MEASUREMENT OF AIR PoLLuTion. W. C. L. HEMeEon, J. D. SENSENBAUGH, and G. F. 
HAINES Jr., Instruments 26:566 (April) 1953. 


Solid air pollutants are more difficult to analyze than gaseous pollutants, primarily because 
no one instrumental method can apply to both fine and coarse praticles. “Coarse” particles are 
deposited on horizontal surfaces, account for practically all the weight in mixtures, and having 
no power for scattering light are hence invisible in air suspension. “Fine” particles, on the other 
hand, are deposited on wall and ceiling surfaces, have (practically) no mass, and scatter light 
to a high degree. Coarse particles can be determined by weight; fine particles can be deter- 
mined by light scattering or absorption either in air suspension or after surface deposition. 
There is no relation between light-scattering potential and mass of particles. The instruments 
for evaluating fine-particle concentration are discussed, including the Owens and the A. I. S. I. 
automatic smoke filters. The simplest and most used method of determining coarse-particle 
concentration is accumulation in open vessels. The effect of meteorological conditions on both 
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types of measurements is discussed. Discrimination between the two kinds of atmospheric 
pollution by solids serves as a guide to the proper use and sound interpretation of air-pollution 
measurements. Measurement of gaseous pollution does not involve corresponding difficulites. 
Instruments for determination of sulfur dioxide and hydrogen sulfide are described briefly. 


Inpust. Hyc. Dicest. 


ToxicoLocy oF CHEMiIcAL Arr Potiutants. H. E. StokinGer, Chem. Canada 5:23 (Jan.) 
1953. 


The author reviews existing knowledge on the health effects of the common air pollutants 
He first discusses the biologic fate of air pollutants, with consideration of the factors affecting 
the body intake of particles and of gases, the relations between particle size and alveolar 
deposition and retention of solids and of oil particles, and biologic mechanisms of organic mole- 
cules. Specific pollutants are then considered, including sulfur dioxide and trioxide and sulfuric 
acid mist, arsenic and arsine, hydrogen sulfide, oxidation products of unsaturated hydrocarbons, 
beryllium, and cadmium. There are about a dozen metals whose toxicity is unknown. It is 
emphasized that there is still much to be learned about the toxicity of air pollutants. 


Inpust. Hyc. DiGest. 


PATHOLOGY AND HYGIENE OF WORK IN THE TEXTILE INDUSTRIES. ENRICO C. VIGLIANI, 
Med. lavoro 4:1-61 (Jan.) 1953. 


This 60-page article deals with a study of the various occupational hazards of the textile 
industry. The main occupational hazards are’ moist heat, noise, and dust. Each of these is 
dealt with extensively. A comprehensive English summary is given, and the bibliography is 


extensive. 
Mary O. Ampwr, Boston. 


ENVIRONMENTAL HyGIENE CONDITIONS IN THE Cotton INpustry. F. Ann. sanita 
pubb. 13:881-889 (May-June) 1952. 


An outbreak of skin affection due to irritation from cotton among employees in a cotton 
factory brought in the author, who is a medical officer of health in the district, and led him to 
investigate the industrial medical aspects of this particular factory. He describes what is of 
hygienic interest in the various stages of the cotton processing and within the various sections 
of the factory premises. He gives his measurements of the microclimate in each department 
—temperature, relative humidity, rate of air movement, resulting effective temperature, and 
number of dust particles per cubic centimeter of air—and he noted the subjective sensations 
of temperature and noise. 

Pascoli found that the letter of the Factory Law was being complied with and that the 
directors had done more than the legal requirements called for and were anxious to be told 
what other improvements were advisable. The effective temperature fell short of the standards 
laid down by the American Society of Heating and Ventilating Engineers, which is an optimum 
of 21.7 C. with a range of 19 to 24 C. The author has recommended to the firm the provision 
of scientific air conditioning to control the temperature/humidity ratio, the improvement of 
ventilation and lighting, and the installation of better exhausts at those points on the machines 
where dust arises. 

The factory employs 7,300 workers, aged from 14 to 60 years, 80% of whom are women. 
Pascoli found sickness absenteeism to amount to 51,000 days a year. For every 100 cases of ill- 
ness, 19 were recorded as due to rheumatic complaints, 17.1 to bronchial catarrhs, 16.2 to bron- 
chial asthma, 13.5 to dry and tuberculous pleurisy, 10 to rhinitis and tracheitis, and 7 to eczema. 
There were about 300 accidents, 98% of which were attributed to carelessness and 2% to 
mechanical breakdowns. 

Pascoli recommends more frequent and thorough medical examinations, including miniature 
roentgenography, of the employees of this factory, and he stresses the importance of watching 
over the health of the younger workers. Indeed, he thinks that the law needs tightening to 
raise the minimum age at which these young persons could be employed in this and other 


industries. J. Caucnt Hye.]. 
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ATMOSPHERIC CONDITIONS IN FLAX-PROCESSING PLANTS. JAROSLAV SIMIANDL, Prac. lék. 
4:467 (Dec.) 1952. 


The technology of flax processing 1s described, and the very dusty atmosphere it produces is 
emphasized. 

Examinations were carried out on 39 persons who had been engaged in flax processing on an 
average of from two to six years. In none of them were there any signs of pulmonary tuber- 
culosis. No purulent skin conditions were found; on the contrary, skin grazings healed very 
quickly. Swabbings of the nasopharynx never revealed hemolytic streptococci. This con- 
spicuously favorable state of health of the workers is accounted for, in the author’s opinion, by 
the presence of some bactericidal substances in the waste products. 


In the dust from flax-processing plants an antibiotic was really found which has an effect 
upon the Staphylococcus aureus. The nature and qualities of this will be studied further. 


ENGLISH SUMMARY. 


Determination of Air-Borne Contaminants 


PHYSICOCHEMICAL STUDIES ON Dusts: V. EXAMINATION OF FINELY GROUND QUARTZ BY 
DIFFERENTIAL THERMAL ANALYSIS AND OTHER PuHysicAL MetHopDs. P. B. DEMPSTER 
and P. D. Ritcute, J. Appl. Chem. 3:182 (April) 1953. 


The presence of a nonquartz layer on the surface of finely ground quartz is the reason why 
analysis by differential thermal analysis and x-ray diffraction gives results which become 
progressively lower as the mean particle diameter decreases from 250 to 1 #. The nonquartz 
layer is believed to be less than one-fifth vitreous (outer shell), and the remainder is chalcedonic 
in nature; thickness ranges from 0.02 to 0.15 wu. Similar difficulties encountered in the estimation 
of quartz in mineral dusts by chemical methods are explainable by the formation of what the 
authors call a “disturbed surface layer.” This nonquartz layer may be removed by treatment 
with HF or NaOH, after which the residue will indicate true quartz content by differential 
thermal analysis. The density and refractive index of the disturbed layer were found to be 
nearer to quartz than to vitreous silica. M. W. First, Boston. 


THE QUANTITATIVE DETERMINATION OF QuARTz BY X-Ray Dirrraction. R. L. Gorpon, 
O. G. GrirFin, and G. NaGELscHMrptT, Research Report 52, Ministry of Fuel and Power, 
Safety in Mines Research Establishment, Her Majesty's Stationary Office, October, 1952. 


An x-ray diffraction method for the quantitative determination of quartz in mine dusts and 
similar materials is described. The Debye-Scherrer method is used with magnesium oxide as 
internal standard ; line densities are measured by means of a recording densiometer. The method 
is unsatisfactory for samples containing less than 10% of quartz. Between 10 and 30% of quartz 
the accuracy of a single determination is of the order of + 20%, and for more than 30% of 
quartz it is + 10%. Higher accuracy can be obtained by repeated determinations. The errors 
inherent in the method are discussed. Results for 50 shale samples are given and compared with 
determinations of free silica by chemical methods. Above 15% of quartz the x-ray results are 
on the average 3 to 4% of quartz higher than the chemical results; below 15% the agreement 
is poor. In studying the effects of particle size it was found that fractions below 2 « showed 
line intensities that were not due to line broadening. If part of the samples was dissolved in 
hydrofluoric acid, the residues gave normal intensities. This is taken as evidence for the 


presence of a layer of amorphous silica of about 30 » thickness on the surface of each quartz 
article. 
P CONDENSED FROM AUTHORS’ SUMMARY. 


CRITERIA FOR THE EVALUATION OF THE HEALTH Hazarps IN Dusty TrapeEs. L. Par- 
MEGGIANI, Med. lavoro 4:65-74 (Feb.) 1953. 


This paper discusses the criteria available for the evaluation of the health hazard in dusty 
trades. Medical statistics give information only on the dangers of previous exposure. Silicosis 
does not give alarm signals; hence, analysis of dust in workrooms is essential. 
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Discussion of the various methods for sampling and analyzing particulate matter in the 
atmosphere shows the advantage of the thermal precipitator for the microscopic examination of 
the particles and the advantages of the electrostatic precipitator, the Soxhlet conical filter, and 
the salicylic acid filter for the sampling of specimens to be used for the quantitative annlysis of 
free silica. 

The hazards of silicosis depend upon manifold conditions which may be classified into four 
groups: objective factors, environmental factors, prevention factors, and human factors. The 
assessment of the hazards of a working process must be based on these factors. While the 
insurance laws admit only the objective factors, all must be considered to determine with 
accuracy the risk and to obtain effective safeguard. 

Future research must be directed to comparison of medical results with technical deter- 
minations of dustiness for each single dusty working process. 


CONDENSED FROM ENGLISH SUMMARY. 


Ventilating, Air Conditioning, and Engineering Control 


How Dust CoLtectors PERFoRM. R. Dennis, G. A. Jonnson, M. W. First, and L. 
SILVERMAN, Chem. Eng. 59:196 (Feb.) 1952. 


Results of a field investigation of commercial air cleaning equipment undertaken by the 
Harvard University Air Cleaning Laboratory for the United States Atomic Energy Commission 
are presented. Large diameter cyclones and similar low-resistance centrifugal and inertial type 
dust collectors were found unsuitable for the recovery of submicron dusts. Effluent concen- 
trations for inlet loadings of abrasive dusts in the range of 0.05 to 5 grains per cubic foot were 
considerably higher for reverse jet than for bag and screen collectors. Power requirements 
were also higher for reverse jet collectors. Ratings of commercial air cleaning equipment for 
pollution control should be based on absolute effluent concentrations, independent of inlet 
loading and efficiency. Inpust. HyG. DiGest. 


Dust AND Fume Controi. L. H. McGuire, Coal Age 57:108 (Jan.) 1952. 


Dust and fume surveys in Washington mines show that where fog guns are used effectively 
dust and fume concentrations in the mine atmosphere are kept well within permissible limits. 
Multiple blasting with either instantaneous or millisecond delay detonators is safe and efficient 
if compressed air and water fog guns are used during the operation. Keeping the fog guns 


running one to three minutes after shooting is an important factor in reducing air-borne 
concentrations. 


ATMOSPHERE PoLLuTION BuLLetin [INpust. Hyco. Dicest]. 


PRINCIPLES OF PRESENT Day Dust COLLECTORS AND THEIR APPLICATION TO MINING AND 


METALLURGICAL INDUSTRIES. J. M. KANE and R. H. WALPOLE, Mining Eng. 5:85 (Jan.) 
1953. 


The value of dust-control equipment has been demonstrated in the mining industry, probably 
more than in any other major industrial group, both in improvement of working conditions and 
in recovery of valuable material. Selection of suitable equipment depends upon application to 
the problems in the particular location. Collector selection is often guided by the maxim of 
“highest collection efficiency at reasonable cost and reasonable maintenance.” The characteristics 
of each type of dust collector—dry-type, wet-type, and electrostatic—are reviewed, and sugges- 
tions are given for their application to particular problems. High-temperature gas cleaning, 
lead sintering, and dust disposal and salvage are given special attention. 


Inpust. Hyc. 


‘TABULATIONS OF ATMOSPHERIC CONTAMINANTS RELEASED BY OPEN SURFACE TANK OPER- 
ATIONS AID IN PREDICTING PROPER VENTILATION Rates. I. KinGsety, Month. Rev. 
New York State Dept. of Labor 32:11 (March) 1953. 


The American Standard Safety Code for Ventilation and Operation of Open Surface Tanks 
(Z91-1951) gives requirements for the successful ventilation of practically any contaminant 
which may be released during open surface tank operations. However, proper use of that infor- 
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mation presupposes a knowledge of the toxic materials that may be encountered in the many 
existing tank operations. Three engineering plates to make that information available have 
been prepared. Of these No. 161 deals with metallic surface treatment, pickling, acid dipping, 
and metal cleaning operations. No. 162 with electropolishing, electroplating, and etching 
operations, and No. 163 with stripping operations. No. 161 is appended to this paper, and all 
are available on application to the Division of Industrial Hygiene, New York State Labor 
Department, 80 Centre St., New York, N. Y. An example of the application of the table to a 


particular problem is presented. Inpust. Hyc. Dicest. 


Cyctone Dust CoLLectors For BorLers. A. J. TeRLiInpEN. Tr. Am. Soc. Mech. Engrs. 
75:433 (April) 1953. 


The author describes the experimental studies, theoretical considerations, and efficiencies of 
different types of cyclone dust collectors. The analysis has special reference to requirements 
prevailing in the Netherlands, but the application of the principles is universal. Systems of 


dust collectors for various types of boilers are recommended. a ae ey 


Accidents and Their Prevention; Protective Equipment 


HAZARD OF FIRING OPEN, UNCONFINED SHOTS IN Coat Mines. M. J. ANKENY, Information 
Circular 7632, U. S. Department of the Interior, Bureau of Mines, April, 1952. 


Six major disasters have been caused by the firing of open, unconfined shots of the bulldozing 
types during the past 24 years according to the records of the Federal Bureau of Mines. This 
practice has also been responsible for numerous less serious gas and dust ignitions; the Bureau 
has on record 13 specific cases. Disasters of this kind can be prevented by using only permissible 
explosives, properly confined in boreholes and fired electrically by permissible blasting units. 


AvuTHorR’s SumMMARY [INpustT. Dicest]. 


VENTILATION PRACTICES THAT MINIMIZE ExPLOSION HAZARDS IN BITUMINOUS COAL MINEs. 
M. J. ANKENY, J. WESTFIELD, and D. S. KinGery, Information Circular 7648, U. S. 
Department of the Interior, Bureau of Mines, September, 1952. 


Modern developments in coal mining have increased explosion hazards and made ventilation 
more difficult. Ventilation is complicated by the practice of working small adjacent, protruding 
panels and driving rooms off both sides of room entries and is also influenced by movement of 
equipment through ventilation aids, such as check curtains, doors, and line brattice. These 


factors call for new concepts of ventilation. Eight ventilation plans adapted to different types of 


mine working are described. Sve. 


IGNITION oF Coat Dust By PERMISSIBLE ExpLosives. I. HARTMANN, J. Nacy, E. B. 
McGrsseny, and F. P. Curistoret, Report of Investigation 4873, U. S. Department of 
the Interior, Bureau of Mines, April, 1952. 


No ignition of coal dust occurred from the use of permissible explosives when they were 
used under scme conditions described, but occasional ignition occurred under other conditions. 
All the conditions involved more hazard than did standard practice. Of 14 brands of permissible 
explosives tested, 8 produced coal-dust ignitions under some conditions, and 6 gave no ignitions 
in any tests. All permissible explosives tested proved to be far safer than the three non- 
permissibles used. The investigation has shown that permissible explosives fired in shot holes 
in coal according to the procedure recommended by the Bureau of Mines will not ignite coal- 
dust layers or coal-dust clouds in air. The principal recommendations specify a limiting charge 
weight per shot hole, undercutting and other relief of the coal face, a minimum depth of coal 
burden surrounding the shot hole, and provision of adequate incombustible stemming in the hole. 


CONDENSED FROM AuTHORS’ Conclusions [INpDust. DicEst]. 


| 
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FLAMMABILITY oF AMyYL Nirrite. M. G. ZaBETAKIs and G. W. Jones, Report of Investi- 
gation 4877, U. S. Department of the Interior, Bureau of Mines, April, 1952. 


The temperature range of flammability of amyl nitrite in air extends from 45.5 to 134.1 F., 
that is, any saturated amyl nitrite vapor-air mixture is explosive between those temperatures. 
The lower limit in oxygen is 39.9 F. (4.4 C.); the upper limit has not been determined. The 
ignition temperatures of amyl nitrite in air and oxygen are 408 F. (209 C.) and 396 F. (202 C.), 
respectively. Amyl nitrite has a lower limit of flammability (upward propagation of flame) of 
1.5% by volume in air and 1.3% in oxygen. The upper limit is 11.5% (downward propagation) 
and above 17.6 for upward propagation in air. The results show that inhalation of amyl nitrite 


vapor with air or oxygen into the lungs may be attended by explosion hazards should a source 
of ignition be present. 


CONDENSED FROM AUTHORS’ Conclusions [INpust. Hyc. Dicest]. 


RESPIRATORS FOR PROTECTION AGAINST MERCURY VAPOR. V. B. VouK, Z. ToPpoLnik, and 
M. Fuaas, Brit. J. Indust. Med. 10:69 (April) 1953. 


The authors point out that although the primary consideration in regard to mercury vapor 
is its elimination by engineering control there are times when this is impractical. For this reason 
a respiratory mask has been developed which is effective against mercury vapor. 

The absorption of mercury vapor by physical and chemical agents is discussed. Of the 
chemical agents proposed by various authors, none was found to be better than iodized charcoal, 
and this was chosen as the absorption medium for the mask. The iodized charcoal was prepared 
by mixing active charcoal (grain size, 1.5 mm.) with iodine and keeping the stirred mixture 
at 60 C. till all the iodine was absorbed. The concentration of iodine was 5% by weight of 
charcoal. Prepared in this way, the iodized charcoal was stable, did not give off iodine even 
on prolonged storage, and had no smell. 

The following were set up as requirements for the mask: (1) The filter should be impreg- 
nable to mercury vapor up to a concentration of 10 mg. per cubic meter of air, with a resistance 
time of at least 250 hours; (2) the resistance to breathing on inhalation should be less than 
6 to 7 mm. water head at a continuous flow rate of 30 liters per minute; (3) the filter should 
also offer some protection against mercury aerosols; (4) the protective power of the filter should 
not decrease if stored for long lengths of time; (5) refilling of the cannister should be easily 
performed, and (6) the cannister should not interfere with the worker’s freedom of movement. 


The details of the mask designed to meet these specifications and the laboratory and field 
tests performed are given. 


RESPIRATORY POISONING FROM PHOSGENE FORMED FROM TRICHLORETHYLENE. M. L. 
Rocue, Arch. mal. profess. 14:66, 1953. 


Accidental overheating of a degreaser during operation resulted in the formation of sufficient 
phosgene from trichlorethylene to cause symptoms of poisoning. 


Mary O. Amour, Boston. 


THE MEASUREMENT OF OPTICAL DENSITY OF GLASSES FOR PREVENTIVE GOGGLES. 


FEeDoR 
Varié, Arhiv hig. rada 3:450, 1952. 


Methods are described for the measurement of transmission of protective glasses in the ultra- 
violet and the visible spectral range. The transmission measurements were performed with a 
Pulfrich photometer and with a K6nig-Martens and a Beckman spectrophotometer. The Zeiss 
universal spectrograph was also used. 

Measurements with the Zeiss spectrograph are discussed in detail. If necessary, the radiation 
intensity was diminished by means of a calibrated set of metal-wire screens. The transmission 
of very dense glasses was calculated, using the reciprocity law and the Schwarzschild relation. 


ENGLISH SUMMARY. 


News and Comment 


NOTICES 


Radiological Health Training Program 


A series of short courses in radiological health are again being presented by the United 
State Public Health Service at the Environmental Health Center in Cincinnati, Ohio. These 
courses, tuition free, are designed primarily to provide professional personnel working in health 
departments and other organizations with a working knowledge of the health hazards associated 
with radiation. Candidates should have a degree in medicine, engineering, or science (physical 
or biological). 

Instruction is given in radiation physics sufficient for an understanding of the problems 
arising from proper and improper use of ionizing radiation. Laboratory and lecture periods 
are presented covering the hazards and methods of alleviating these hazards as encountered 
in the employment of x-rays, radioisotopes, neutron fluxes, and particle accelerators. 

Courses are each two weeks in length. Basic Courses which stress basic radiation physics 
and survey techniques will be presented from Oct. 5 to 16, 1953, Jan. 11 to 22, 1954, and 
May 3 to 14, 1954. 

The Basic Course or its equivalent is a prerequisite for the Intermediate Course. Laboratory 
assay of radioelements and x-ray survey techniques are emphasized in the Intermediate Course 
which well be presented from Oct. 19 to 30, 1953, Jan. 25 to Feb. 5, 1954, and May 17 to 28, 1954. 

Completion of the Intermediate Course or its equivalent is a prerequisite for admission to 
the Advanced Course. This course for professional personnel concerned in particular with 
occupational health problems will be presented from Feb. 8 to 19, 1954. 


Further details and information may be obtained by writing to Chief, Radiological Health 
Training Section, Public Health Service, Environmental Health Center, Cincinnati, Ohio. 


Series of Lectures on Occupational Medicine 


The Faculty of Medicine of Columbia University announces a series of lectures on occupa- 
tional medicine to be given from 9:00 to 10:00 a. m. Saturdays from Sept. 19 to Dec. 12, 1953. 
The lectures will be given by members of the staff of the Division of Occupational Medicine 
of the School of Public Health in Amphitheater A, College of Physicians and Surgeons, 630 W. 
168th St., New York 32. Interested members of the medical and allied professions are invited 
to attend. There will be no formal registration and no tuition fee. 


Applications for Grants in Cancer Research 


The Committee on Growth of the National Research Council, acting for the American 
Cancer Society, is accepting applications for grants-in-aid in support of cancer research. Appli- 
cations for new grants received before Oct. 1, 1953, will be considered during the winter, and 
grants recommended at that time will become effective July 1, 1954. Investigators now receiving 
support will be notified individually regarding application for renewal of these grants. During 
the past year the American Cancer Society, on recommendation of the Committee on Growth, 
has awarded approximately 250 grants totalling more than $1,700,000 in value. A program of 
similar magnitude is contemplated for the coming year. 

The scope of the research program includes, in addition to clinical investigations on cancer, 
fundamental studies in the fields of cellular physiology, morphogenesis, genetics, virology, bio- 
chemistry, metabolism, nutrition, cytochemistry, physics, radiobiology, chemotherapy, endocrin- 
ology, and environmental cancer. 

Application blanks and additional information may be obtained from the Executive Secretary, 
Committee on Growth, National Research Council, 2101 Constitution Ave., Washington 25, D. C. 
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NEWS AND COMMENT 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
Newsletter, June, 1953 


We have been informed recently that the Medical Society of the State of New York ts 
very seriously contemplating the employment of a full-time executive secretary for its Committee 
on Industrial Health. The reasons for taking this action are so cogently expressed in the Report 
made by the President of the Society that we have secured his permission to reproduce this 
portion of the Report for your information and inspiration. 


C. M. Pererson, M.D. 


Secretary, Council on Industrial Health 


(From “Report of the President,” Annual Reports, Medical Society of the State of New York, 
1952-1953, reprinted with permission from New York J. Med. 53:822-823 [April 1] 1953.) 


Industrial Health—The objectives and scope in the field of industrial health are quite 
different from those in workmen’s compensation. 

The principles involved are (1) that every industrial employe should have the best health 
possible because he is then better adjusted to life and consequently a more effective and better 
producer, and (2) that medicine has a responsibility to provide health coverage for industrial 
workers. Here, also, lies a great opportunity for the practitioner to apply the principles of public 
health. 

Much assistance to this end is provided by full-time industrial physicians in large industries. 
Such physicians become specialists in the field. Although this concept picks out industrial 
workers as a specially privileged group, it may be argued that if their health needs are met, 
the menace of government medicine would be reduced. 

Labor unions are sponsoring health services to an increasing extent. Fringe benefits, in 
organization and financing of medical care, not only for the worker but also for his family, are 
becoming of increasing importance in wages. Small industries and mercantile establishments are 
unable to retain the services of full-time doctor specialists in industrial health, except occasion- 
ally, where they combine to do it. Ninety per cent of the American industries employ less than 
100 workers. 

Dependence for this medical service must be upon private practitioners in the vicinity of the 
plants to be served. Such practitioners need initial indoctrination and continuing training in the 
field of industrial health. The State Society makes available some training through the Section 
on Industrial Medicine and Surgery and the Public Health and Education Committee, augment- 
ing postgraduate courses in some medical schools, for those doctors who already have an interest, 
but there aren’t enough who have an interest to build up a backlog of trained medical personnel 
eager to take over this concept of combined preventive and curative medicine for the individual 
worker (six million in New York State). 

The big argument for a State Society bureau in this field is that some one has to sell to 
industry the idea of financial support of in-plant health services and, at the same time, induce and 
train practitioners to do the work so that every industrial employe, not just those working for 
large broad-minded industries, has opportunity for the best health possible. This is an up-hill 
job. After eleven years of such effort the Pennsylvania State Society succeeded in raising its 
number of physicians interested in industrial health from 215 to 373, of whom 99 aré full-time and 
274 part-time industrial physicians. 

Stimulating physicians to become interested in this work and then making it possible for 
them to learn the work involves more than the State Society, but, at least, we should have the 
mechanism of cooperation with the National Association of Manufacturers, the American 
Management Association, the Division of Occupational Health of the U.S.P.H.S., and the 
A.M.A. Council on Industrial Health, which have very active programs for stimulating 
industrial medical service in both large and small industries. Industry and public health services 
are pointing out what they consider to be a very beneficial social change involving medicine. 
Medicine should be alert not only to fulfill its duty but also to protect private practice. The 
position of the part-time physician in this field warrants such guidance and protection as his State 
and county societies can give. 
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Aside from early detection of occupational diseases, prevention of injury to workmen, 
emergency care of injuries, and what every good practitioner ought to know, there are certain 
specific categories of knowledge involved: air pollution, illumination and vision in relation to 
occupation, effects of industrial noise and impaired hearing, occupational dermatoses, the older 
worker in an aging population, occupational cancer, employment of the physically handicapped, 
rehabilitation not covered by industrial compensation, job placement requiring knowledge of all 
in-plant conditions, multiple screening and periodic health examination, health education of the 
worker, human relations psychology, the scope of medical nursing in industry and how to carry 
out nontechnical research projects. 


Already a joint committee of the A.M.A. Council on Industrial Health and the American 
Academy of General Practice has launched a program for education of the general practitioner 
in this field. Considerable activity is anticipated at once. Material has gone out to the state 
Academies of General Practice, outlining the need for education in industrial health, urging them 
to set up specific courses, and giving the names of specialists in industrial medicine who have 
indicated willingness to help on the program. Members of the Academy will receive “credits” 
for such courses. The implications of such activity are obvious to our Committee on Public 


Health and Education, its Subcommittee on General Practice, and the Committee on Industrial 
Health. 


Usually, the small industry executive also has to be educated. He has to be made to recognize 
that injury to workmen often means failure on his part. He has to be shown that absenteeism is 
increasing with the law covering disability insurance; that commonly quoted statistics show as 
high as 90 per cent of absenteeism to be due to nonoccupational illness; that because he is 
paying for disability insurance he is increasingly involved in the health of his employes; that 
utilization of in-plant health service reduces absenteeism 30 per cent, occupational diseases 
62 per cent, accident frequency 45 per cent, labor turnover 27 per cent, and compensation insur- 
ance premiums 29 per cent, and that better human relations exist between management and 
labor when sickness is minimized. 


This work of interesting the plant executives and the doctors has to be done in specific 
localities where the uncovered plants and the doctors to cover them exists, but if county 
societies get no more than printed information and stimulation from the State Society and the 
A.M.A. Council on Industrial Health, the work bogs down. Moreover, it takes more than 
voluntary doctor personnel to interest the chambers of commerce and the individual industrial 
and merchandising executives. There is necessary a continuing coordination of such interests as 
health councils, organized labor, unorganized labor, associated industry, medical societies and 
the State Departments of Labor, Welfare, and Health. There is necessary a coordinator, at 
least one field director, to institute pilot plans on an experimental basis. 


There is plenty of opportunity to render the industrial workers of the State great service. 
The question facing the House is whether to recommend to the trustees allotment of funds to 
implement the opportunity at once by establishing a Bureau of Industrial Health with full-time 
director and clerical staff or to await further development of plans by the new Council Committee 
on Industrial Health. The present committee is Dr. Peter J. Di Natale, chairman; Dr. Anthony 
J. Lanza, who is also chairman of the A.M.A. Council on Industrial Health, and Dr. Frank R. 
Ferlaino, medical director of the New York executive office of General Motors Corporation. 
The forthcoming report of that committee warrants full and sympathetic consideration. 


Books 


1953 Medical Progress. By Morris Fishbein. Price $5.00. Pp. 301. The Blakiston Company. 
575 Madison Ave., New York 22, N. Y., 1953. 


This current review of progress in the medical clinical and research sciences appears to 
be the first volume of a proposed series which in effect will be an attempt to give the average 
clinician a bird’s-eye view on the accomplishments and advances in medicine for the past years. 
These reviews of the various fields of cardiology, allergy, nutrition, etc. attempt to give an 
early evaluation of a new drug, a diet, or some agent that has been introduced recently in 
terms of its applicability and efficiency and to measure it against the accepted standards. It 
will give the busy practitioner a chance to sit down and read articles on subjects in every 
branch of medicine by noted experts in their fields, subjects which are covered in 10 to 25 pages. 
In such a manner the time of the clinician will not be overtaxed; moreover, the various 
articles are well-documented, with a more than adequate bibliography on the subject concerned. 
If more information is needed, a reference to the bibliography, which is primarily from 1950 
to 1952, will offer the physician suggestions for a quick visit to his local medical periodical 
library or for sending a note to the nearest Academy of Medicine library for the needed 
references. 

The recent new and important medications are briefly discussed from the pharmacological 
viewpoint ; dosage is given so that it can be adapted to specific needs and cases. These discus- 
sions are brief, but I feel that they are more than adequate for an intelligent reception of new 
ideas and usages. 

The use of outstanding authorities, such as Paul Dudley White, Charles Mayo, Perrin Long, 
and Fredrick Stare, in the writing of some of the articles lends weight to the evaluations 
of new practices that are being used in their wards and clinics. I feel that this gives a more 
solid authority to such a work as “Medical Progress for 1953” and definitely places it high 
above the current compendiums on therapy alone. I personally like the style and organization 
of this book and think that much credit goes to the general editor for his outstanding organiza- 


tion of the material into a very interesting publication. Rosert H. Quinn, M.D 


Sandoz Atlas of Hematology. By E. Undriz. Price, $7. Pp. 91, with 44 plates. 
Ltd., Basel, Switzerland, 1952. 


Sandoz, 


“Sandoz Atlas of Hematology,” hitherto available only in French and German, has been 
published in an English (and an Italian) edition. The volume has been written and compiled 
by Dr. E. Undriz under the direction of Prof. E. Rothlin. 

The Atlas is in three parts. Part I deals with terminology, life cycle of blood cells, and 
techniques of blood cell examination, Part II consists of detailed descriptions of blood cell types, 
and Part III contains the photographs of blood cells and related cells. 


The classification of blood cells is in accordance with the complete polyphyletic school. 
While this point of view is not generally held, it has the advantage in a volume such as this of 
not being confusing. Indeed, leaving aside the questions of origins of blood cells, many hematol- 
ogists have found it convenient (and tempting) to classify blast forms as the precursors of the 
identifiable cells in whose company they are found (for example, lymphoblasts in lymphatic 
leukemia). 


The origins of blood cells and the patterns of maturation and senescence of normal and 
abnormal blood cells are clearly and briefly described. The production of heparin has been 
ascribed to basophiles, a statement for which in my opinion there is only suggestive evidence. 
Particularly useful in Part I are the sections on nonhemapoietic cellular elements found in bone 
marrow smears, polyploidy of blood cells, and details of various staining procedures. 
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Part II consists of expert, detailed descriptions of blood cells, normal and abnormal, and 
of associated cells. References are made throughout this section to the illustrations which 
follow. 


Part III, the illustrated section, is made up of 256 photomicrographs, mainly of blood and 
bone marrow smears stained with the Giemsa or Pappenheim stains. A magnification 1: 1200 
is used in most places. Several histochemical methods are illustrated, in addition to the 
Romanovsky stains. Explanatory legends permit the reader to use Part III independently of 
other parts. The material is comprehensive. Virtually every hematological disorder is repre- 
sented, and a given cell type is typically presented in several photographs. The quality of the 
reproductions is superb. Every shade of the richly hued Romanovsky stains is accurately 
presented. The photomicrographs are as faithful a representation of these blood cells and related 
cells as I have seen. Many of the photographs, moreover, have a diagrammatic quality, and 
differences in morphology and color between cell types similar in appearance (for example, 
certain lymphocytes and monocytes) may easily be recognized. This Atlas has been in use in 
a busy hematological laboratory with which I am associated; it has also been useful in train- 
ing technicians and medical students and as a reference volume. 

The Atlas contains a complete index. References are given to textbooks and manuals 
(mostly foreign) and to publications on cases illustrated. 

The volume is in a seven-holed, loose-leaf format and is sturdily and attractively bound. Its 
price is only $7.00. 


This Atlas should be helpful to anyone who examines blood and bone marrow smears stained 
by Romanovsky methods. 


Leon Paut Wetss, Brooklyn. 
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PAX DAILY FAN MAIL 
BELOW IS REPRODUCED THE FULL TEXT OF A 
ETTER RECEIVED JUST A SHORT TIME AGO. 


‘Gentlemen: 


ft have a problem, my part time man 
who is a full time mechanic at the 
ommunity Traction Company here in 
Toledo, absolutely refuses to use any 
pbther than PAX"for his hands —I can't 
ave him going around with dirty hands 

so I called the purchasing agent 
for the Community Traction Company 
and learned from him that you are the 
makers of this wonder soap - 


So please tell me who is your local 
Histributor for the Toledo area. Or 
ill I have to buy it directly from 
you." 


Sincerely, Tom Rose 
Tommy's Sunoco Service 
Dorr at Upton, Toledo 7, 0. 


P.S. Please hurry the information as 
is hands are getting dirtier every 


May . LANO* SAV Heavy Duty 


This is just one of the many thousands of unsolicited “Fan Letters” received 


continually by the makers of PAX-LANO-SAV Heavy Duty. Gratifying as these 
letters are to receive, even more gratifying is the ever increasing volume of mail 
containing the orders for the millions of pounds of PAX industrial skin cleansers 
that go out to all corners of America. This is the kind of “Fan Mail” that has built 
PAX-LANO-SAV Heavy Duty into the largest-selling of all industrial skin cleansers. 
Give it a trial and you too will see why more and more plants every day are 
assuring themselves of economy and satisfaction by switching to... 


2AX:- LANO: SAV 
GRANULATED INDUSTRIAL SKIN CLEANSER 
PAX-LANO-SAV 


HEAVY DuTy 
PAX-LANO-SAV Heavy Duty Granulated Skin Cleanser has been COMMITTEE 
LOOK for the awarded the Seal of Acceptance of the C ittee on C i 
PAX ROOSTER of the American Medical Association. 

LET US PROVE PAX IN YOUR WASHROOM... write today on your letter- 
Your Assurance of head for a free half pound sample of PAX-LANO-SAV Heavy Duty Granulated 


Qualit Product Skin Cleanser. Then at your request our representative will conduct a competitive 
vanry 5. test between PAX and your present brand—let you and your workers be the judge. 


There is a complete line of PAX Skin Cleansers and Special Purpose Cleansers— 
each the finest in its price class. 


When you specify any PAX product you get as an extra dividend the 
experience and ability of PAX technicians acquired through over a quarter of a 
century of continuous research and development. 


«his hands are 
dirtier evety att 
= 
fq) 
| = = ! 


RESULTS COUNT !...in Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 
(Athlete's Foot) 


\c \c 


ant ant Se Ointment and powder of ZINCUNDECATE 
wan Solution of UNDECYLENIC ACID 
Pharmaceutical Division Cures average case in one to three weeks 
Wal WALLACE & TIERNAN COMPANY, INC., Belleville 9, N. J., U.S.A. 


PD-32 


PAMPHLETS 


Vision 


Color Blindness. Dean Farnsworth and Conrad Berens. 
2 pages. 5 cents. 
About My Eyes? T. Jung. Cataract. Abram B. Bruner. 12 pages. 15 cents. 


EYES — RIGHT! Audrey McKeever. 14 pages. 20 cents. PI 
How to Save Your Eyes. Cleo Du Bois. 4 pages. 
10 cents. 


AMERICAN MEDICAL ASSN. 
hould 
Glasses? J. Robert Burke. 535 N. Dearborn St. © Chicago 10 


BOOKLETS ON 
MENTAL HYGIENE 


FOR YOUR FREE COPY OF } 


lighttoot 


Here are several booklets on mental | 
hygiene that may prove of interest and 
use to you and your patients. 


EMOTIONAL HEALTH IN WORK AND PLAY. 
R. Retlaw. 8 pages. 15 cents. 


MESMERISM MINUS MESMER. Stefan Zweig. 
discussion of hypnotism. 5 pages. 5 cents. 


NERVOUSNESS. Isidore Margaretten. 4 pages. 
cents. 


THE TYRANNY OF NERVES. Eoline Church Dubois. 
3 pages. 5 cents. 


+ « «Mo commercials — no sales chatter 
but a wealth of informative data that should prove 

invaluable to you and your company throughout SHOCK THERAPY SAVES MINDS. Harold Shryock. 
the future. 5 pages. 5 cents. 


' LIGHTFOOT SCHULTZ COMPANY ' Keep a supply of these booklets on hand. 
: 663 FIFTH AVENUE, NEW YORK 22, N. Y. ; Available at lower cost for quantity 
i Send your free Question and Answer Soap Data ; purchases. 

| Name. ' AMERICAN MEDICAL ASSOCIATION 

535 North Dearborn Street 

Chicago 10, IMlinois 


ABOUT 
this Coupon 
: CLEANSERS 
4 
| ABOUT SOAP | 


Make accurate aay of 
Respiratory Hazards 
to improve your safety program 


§ Impinger 
Nozzle 


| Sampling 
Flask 
Flask 
Stopper- Large 


Nozzle 
Stopper-Small 


IMPINGER DUST SAMPLING APPARATUS Used by the U.S. Public Health Service, CHLORINATED HYDROCARBON SAMPLING 
State and City Health Depts., Insurance Companies, Mines, Smelters and APPARATUS For use by chemists or engi- 
Manufacturing Plants for determining the quantity of dusts which may _neersin Departments of Health, Industrial 
cause pulmonary fibrosis. Available with either electric or compressed Hygiene, InsuranceCompanies, Chemical 
air suction apparatus as illustrated. Industries, Degreasing Plants, etc., for the 

determination of the concentration of 

chlorinated hydrocarbon vapors, such as 


Willson Air Sampling Equipment trichloroethylene, chlorinated naphtha- 
lenes, and chlorinated diphenyl in the air. 
Eliminates Guesswork! 


Approved apparatus developed by Willson detects 


the exact amount of dusts and vapors in the air your Send for bulletin giving 


complete information 


workers breathe. It establishes the degree of hazard 
GOGGLES + RESPIRATORS + GAS MASKS + HELMETS 


= 
maintain better health and reduce lost man-hours OB 


in your plant. By being sure of the hazards that ex- WILLSON 


ist, your safety program is made more effective. “Established 1870 
WILLSON PRODUCTS, INC. 


211 Washington Street, Reading, Pennsylvania 


surrounding various jobs. It makes it easy to deter- 


mine the essential respiratory protection needed to 


at 
‘on 


less-antigenic 
penicillin: 


er-O-Cillin 


Trademark Reg. U. S. Pat. Of. POTASSIUM 


Available as: 

Sterile vials containing 200,000 
units Crystalline Penicillin O 
Potassium 


Bottles of 12 buffered tablets, each 
containing 100,000 units Crystal- 
line Penicillin O Potassium 


The Upjohn Company, Kalamazoo, Michigan 


VHF 
AAA 
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